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DISCLAIMER 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


The  US  Army  Operational  Test  and  CvaluauLon  Agency  considers  it  a 
privilege  to  have  sponsored  the  Sixteenth  Annual  United  States  Army 
Operations  Research  Symposium. 


The  thoughts  shared  in  the  presentations  made  during  the  symposiuri 
were  very  supportive  of  this  year's  theme  "Operations  Research  Support  of 
the  Army  of  the  80 's  — Looking  Ahead."  It  was  pointed  out  wry  clearly 
during  tlie  symposium  that  the  key  to  success  for  the  Army  of  the  future 
lies  in  the  productivity  of  its  people.  It  is  the  people  wtm  must  find  the 
ways  and  means  to  minimize  the  number  and  the  imjxict  of  the  hard  choices 
tiie  Army  will  face  in  the  future.  The  Army  of  the  80' s must  be  sujported 
by  good  analytical  techniques  which  assist  the  field  ermrvander  in  in- 
creasing productivity.  I feel  that  participation  in  this  symposium  en- 
hanced the  development  of  the  analytical  techniques  necessary  to  adequately 
support  the  Army  of  the  80' s. 

I express  my  appreciation  to  the  personnel  within  my  agency'  for  plan- 
ning, organizing  anti  chair inq  the  symposium,  to  the  US  Army  logistics 
Center,  the  US  Amy  Quartermaster  Center  and  Port  Ioe,  and  the  US  Army 
Logistics  ‘lanagement  Center  who  for  the  fourth  consecutiw  war  co-iosted 
this  symposium.  I especially  thank  General  Walter  T.  Kerwin,  Jr.,  Vico 
Chief  of  Staff,  US  Amy;  Ur.  Seth  Ponder,  President,  Vector  Research 
Incorporated;  Ur.  Daniel  'fcDonald,  Vice  President  for  Teclmical  Programs, 
the  BUM  Corporation;  other  distinguished  speakers,  special  session  chair- 
persons, the  nnny  contributors  of  papers,  and  all  support  personnel  who 
contributed  their  time  one1  energies  to  the  success  of  AOPS  XVI . 
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INTRODUCTION 


I am  pleased  to  have  been  invited  to  present  the  keynote  address  at  this 
the  16th  Army  Operations  Research  Symposium.  I have  participated  in  many 
AORS  since  attending  my  first  in  1963  (the  2nd  AORS)  and  have  fond  memo- 
ries of  them.  It  was  reassuring  to  review  the  list  of  attendees  at  the 
2nd  AORS  and  observe  that  some  of  the  captains  are  now  generals,  and  many 
of  the  participants  (who  were  not  young  then)  are  still  alive  and  some 
actively  practicing  in  military  and  other  OR  areas. 

When  Walt  invited  me  to  present  this  address,  he  asked  that  I keynote  the 
symposium  theme  by  suggesting  useful  directions  for  Army  OR  over  the  next 
decade  or  so.  Generally,  I consider  symposium  themes  as  necessary  admini- 
strative requirements  to  be  ignored.  However,  after  some  thought,  I was 
convinced  that  there  are,  in  fact,  some  changes  in  direction  required  if 
OR  is  to  exist  as  a professional  activity  in  the  Army.  I am  of  the  im- 
pression that  the  Army  OR  community  suffers  a credibility  gap  in  the  eyes 
of  its  military  leaders,  and  that  the  work  we  do  is  accepted  for  legis- 
lated reasons  but  not  particularly  respected  or  deemed  necessary  for  the 
good  of  the  Army. 

In  last  year's  keynote  address,1  Dave  Hardison  suggested  we  had  problems 
with  many  senior  military  and  defense  managers  but,  following  his  own 
advice,  presented  a simplified  description  of  the  problem  and  its  solu- 
tion. Although  I am  sure  that  complex  approaches  contribute  to  the  pro- 
blem and  that  simpler  presentations  and  models  would  help,  nevertheless 
that  prescription  only  serves  to  suppress  the  disease  symptom  without 
addressing  its  cause.  Rather,  I believe  the  problem  is  that  we  do  too 
much  systems  analysis  (or  more  precisely,  system  evaluations)  which  (a) 
is  not  wanted  by  military  managers,  (b)  is  not  believable  by  them,  (c) 
has  no  demonstrable  validity,  and  (d)  most  importantly , provides  none 
of  the  necessary  feedback  or  substantiation  to  us  or  them  of  its  mili- 
tary contribution.  I want  to  devote  a few  moments  to  providing  some 
historical  perspective  to  focus  this  point  and  then  will  spend  the  re- 
mainder of  the  address  presenting  a number  of  example  topics  which  I 
believe  should  be  pursued  over  the  next  10  to  15  years  by  the  Army  OR 
community. 


1 David  C.  Hardison,  Keynote  Address,  Proceedings  Fifteenth  Annual  US  Armu 
Operations  Research  Symposium , (Sponsored  by  the  US  Training  and  Doctrine 
Command,  Fort  Monroe,  Virginia,  26-29  October  1976),  Volume  1,  p.4. 
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HISTORICAL  PERSPECTIVE 


Operations  research  in  World  War  II  was  primarily  analyses  of  existing 
military  systems  to  improve  their  operating  effectiveness  and/or  effi- 
ciency. The  availability  of  operating  systems  and  ongoing  military  acti- 
vities facilitated  the  gathering  of  data  on  systems'  capabilities  and 
effectiveness,  enemy  characteristics  and  tactics,  and  environmental  fac- 
tors for  use  in  studies.  The  success  of  these  activities  is  recorded  in 
history.  It  was  a period  of  glamorous  contributions  to  the  military  via 
analysis  of  the  use  of  gun  laying  radars,  bombing  tactics,  convoy  struc- 
tures, and  target  search  procedures,  to  mention  but  a few.  The  work  was 
performed  by  innovative  scientists  whose  contributions  were  needed  and 
respected . 

After  the  war  and  during  most  of  the  1950s,  emphasis  was  on  military- 
requirements  studies  as  the  individual  services  redefined  and  negotiated 
their  roles  and  missions  in  the  defense  establishment.  In  the  late  1950s 
and  1960s,  there  was  a shift  to  problems  of  broader  scope  and  complexity 
such  as  the  development  of  weapon  systems,  force  compositions,  and,  in 
general,  planning  for  future  programs  and  the  next  generation  military 
systems.  The  term  "systems  analysis"  was  coined  by  Rand  economists  to 
describe  the  cost-effectiveness  study  activities  associated  with  this 
long-range  planning.  The  move  toward  more  centralized  management  and 
defense  decision-making  in  1961  required  the  military  services  to  learn 
and  use  systems  analysis  as  a means  of  quantitatively  justifying  their 
share  of  the  defense  budget.  In  contrast  to  the  operations  research  of 
World  War  II  which  was  a data-based  scientific  activity,  the  extended  de- 
cision horizons  of  five,  ten,  and  twenty  years  associated  with  long  range 
planning  preclude  data-related  efforts  in  many  military  areas  and  cause 
systems  analysis  to  be  an  intellectual  activity  rather  than  a scientific 
one.1  It  is  an  intellectual  art  used  in  making  necessary  and,  at  times, 
useful  predictions  in  problem  areas  where  measurements,  data  collections, 
experiments,  and  verification  are  difficult  and  at  times  impossible. 


Because  of  the  emphasis  on  prediction  and  the  need  to  justify  requests 
for  resources  quantitatively  in  the  1960s,  the  Army  developed  many  war 
games  and  models  to  generate  cost-effectiveness  numbers  to  support  devel- 
opment proposals.  In  conflicts  with  0S0-SA,  the  services  usually  lost, 
because,  in  the  absence  of  data,  the  0S0  analysts  made  up  the  analysis 
rules  (i.e.,  assumptions,  threat  levels,  input  data)  but  usually  after 
the  fact.  Thus,  the  Army  OR  analyst  did  not  perform  analyses  to  deter- 
mine what  was  need  but  rather  conducted  numerical  evaluations  as  the 
Army's  vehicle  to  advocate  what  was  wanted. 

If  the  1960s  instigated  this  tyranny  of  numbers,  the  1970s  has  formalized 
it.  The  weapon  system  acquisition  process  was  institutionalized  into  a 
long  complex  management  system.  The  adversary  process  has  been  legis- 
lated throughout  the  Defense  Department  via  DoD  Directive  5000.1.  The 


lSeth  Bonder,  "Systems  Analysis: 
Address,  P?\-\ v. v Tuk'ntij-j'.'ft 
June  1970,  pp.  3-9. 


A Purely  Intellectual  Activity,"  Keynote 

yf’it.n'i-  ^'cvations  Surrroei (U),  16 
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Army  has  met  this  challenqe  by  legislating  (via  AR  1000-1  and  TRADOC  Regu- 
lation 11-8)  that  COEAs  be  conducted  tor  most  materiel  development  pro- 
frams  at  various  points  in  the  development  process.  The  studies  have 
become  increasingly  complex  to  prove,  by  the  sheer  weight  of  numbers,  that 
system  A is  better  than  system  B.  A significant  amount  of  resources  at 
Army  OR  organizations  such  as  TRASANA,  CAA,  and  the  TRADOC  schools  are 
devoted  to  production,  job-shop-like  COEA  activities.  Approximately  15 
major  program  COEAs  or  updates  and  about  30  subsystem  ones  are  conducted 
each  year.  I concur  with  Dave's  contention  last  year  that  they  belabor 
needless  detail  and  overlook  key  questions,  and  with  General  DePuy's1 
belief  that  they  needlessly  prolong  and  complicate  the  development  pro- 
cess. More  importantly,  they  do  not  contribute  any  knowledge  about  mili- 
tary activities  (I  cannot  remember  when  last  I saw  a bright  experimental 
hypothesis  emerge  from  such  studies)  and  have  the  effect  of  encouraging 
analysts  not  to  think.  I am  of  the  impression  that  senior  military  offi- 
cers view  much  of  the  OR  community,  perhaps  with  justification,  as  a 
necessary  model ing/COEA  activity  and  not  a valuable  analysis  asset  that 
can  identify  important  problems,  solve  them,  and  contribute  to  the  inven- 
tory of  military  knowledge 


FUTURE  DIRECTIONS 


I strongly  believe  that  if  emphasis  continues  on  these  job-shop-like  ac- 
tivities, OR/SA  will  cease  to  exist  as  a meaningful  activity  within  the 
Army.  I think  the  time  is  right  to  shift  the  emphasis  of  OR  activity 
from  the  long  range  planning  issue  of  "what  is  needed  for  the  future"  to 
address  the  more  operational  one  of  "how  to  use  what  we  have."  That  is, 
we  should  focus  our  efforts  on  research  on  operations  rather  than  systems 
analysis.  This  recommendation  is  based  on  the  following  considerations. 

(1)  Serious  questiors  are  being  raised,2  both  in  the  defense 
community  and  elsewhere,  regarding  the  ability  to  do  mean- 
ingful, precise,  quantitative,  cost-effectiveness  or  cost- 
benefit  analyses  on  development  programs  whose  product  will 
not  be  realized  for  5,  10,  or  15  years,  especially  the 
ability  to  characterize  the  undertainties  associated  with 
them. 

(2)  There  will  continue  to  be  a growing  need  for  and  concomitant 
payoff  from  the  analysis  and  solution  of  a large  number  of 
current  and  future  operational  problems.  Stimulated  by 
advances  in  science  and  technology,  and  hopefully  in  part 


General  William  E.  DePuy,  Welcome  Address,  Proceedings  Fifteenth  Annual 
US  Army  Operations  Research  Symposium,  (Sponsored  by  the  US  Army  Training 
and  Doctrine  Command,  Fort  Monroe,  Virginia,  26-29  October  1976),  Vol . 1, 

p.  21. 

2See,  for  example.  Versatility : An  Objective  for  Military  Planning , by 

Seth  Bonder,  Keynote  Address,  37th  Military  Operations  Research  Symposium, 
(US  Army  Air  Defense,  Fort  Bliss,  Texas,  22  June  1976). 
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rationalized  by  DoD  planning,  the  Army  is  in  the  process  of 
modernizing  its  operational  forces.  Between  now  and  1985, 
the  Army  will  field  (or  have  available  in  prorotype)  a 
broad  spectrum  of  new  materiel  systems  including: 

• Combat  Systems:  XM-1,  a MICV  type  IFC,  armored  and 
mobile  TOW,  DRAGON,  ILAW,  AAH , Copperhead,  GSRS,  UTTAS, 
STINGER,  SAM-D,  and  possibly  enhanced  radiation  warheads; 

• Intell igence/EW  Systems:  SOTAS,  ALR,  TACELIS,  AGTELIS , 

QUICK  FIX,  MULTEWS,  TACJAM,  LEFOX  GREY,  EWIOCS,  and  CACS; 
and 

• Command,  Control,  Communication  Systems;  TOS,  TACFIRE, 
Missile  Minder,  INTACS. 

These  systems  reflect  major  advances  in  technology  which,  when 
compared  to  systems  currently  in  the  hands  of  the  troops,  I 
believe  will  come  as  a cultural  shock  to  the  operating  units. 
This  is  especially  true  in  the  intelligence,  EW,  and  areas. 

I am  convinced  that  the  Army  does  not  now  understand  how  to 
employ  most  of  these  systems  effectively,  much  less  how  to 
operate  during  the  multi-year  transition  period  to  them. 

(3)  Defense  budget  constraints  coupled  with  the  current  moderni- 
zation will  preclude  the  Army  from  procuring  any  significant 
number  of  new  systems  for  20  to  25  years. 

(4)  There  will  exist  shortly  a near  parallel  situation  in  the 
field  to  that  which  prevailed  in  World  War  II  for  the  opera- 
tions researchers.  There  will  be  a rapid  introduction  of 
new,  complex  military  technology  into  the  hands  of  forces 
lacking  any  experience  in  its  use.  The  raison  d’etre  of 
the  ops  analyst  in  World  War  II  was  as  a principal  trans- 
lator of  technology  into  effective  operational  employment. 
Although  a war  does  not  now  exist  to  provide  actual  combat 
experience,  the  many  real  exercises  in  Europe  (such  as 
REFORGER)  and  the  US,  coupled  with  the  use  of  computerized 
combat  modeling  technology,  can  provide  an  environment  for 
simulated  but  very  credible  large  unit  operational  exper- 
iences. Instrumented  facilities  such  as  CDEC  can  provide 
valuable  data  on  the  dynamics  within  small  unit  actions. 

Thus,  I believe  there  exists  an  opportunity  for  military 
operations  researchers,  like  their  progenitors  in  World 

War  II,  to  develop  a detailed,  data  based  understanding  and 
knowledge  of  the  dynamics  of  military  processes,  leading  to 
the  more  effective  employment  of  military  systems.  Of  pro- 
fessional importance,  it  will  provide  an  environment  in 
which  analytically  derived  solutions  can  be  tested  to  pro- 
vide relatively  quick  feedback  on  their  efficacy. 

I have  suggested  that  research  on  operations  rather  than  long  range 
planning  systems  analysis  should  be  emphasized  by  the  Army  OR  community 
over  the  next  10  - 15  year  period.  To  illustrate  the  nature  of  this  work. 
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I will  discuss  a sample  set  of  operational  issues  which  I think  OR  can 
assist  in  quantitatively  addressing,  and  which  would  provide  a signifi- 
cant and  welcome  contribution  to  military  operations. 


> 


Maneuver  Unit  Tactics 


Tactics  is  the  principal  means  by  which  the  Army  will  win  the  next  land 
battle.  This  will  be  increasingly  true  over  the  next  decade  or  two  because 
the  Army  is  engaged  in  a large  modernization  with  sophsiticated  weaponry. 

As  noted  by  Generals  Starry  and  Hunt1:  "Far  sighted  leaders  have  per- 
ceived that  this  [modernization]  will  require  new  organizations  as  well  as 
new  tactics."  Additionally,  both  sides  will  be  employing  technology  more 
similar  than  different  and  rewards  will  go  to  those  who  learn  to  use  the 
technology  to  advantage.  Although  some  thought  and  progress  has  been  made 
in  TRADOC  and  by  operational  commanders  in  Europe,  I contend  there  is  more 
art  than  science  and  that  more  understanding  and  knowledge  regarding  battle- 
field dynamics  are  needed. 

Let  me  first  consider  the  large  unit  division-corps  defensive  tactics. 
Intelligence  suggests  that  one  of  the  Soviets'  attack  options  is  the  break- 
through strategy  derived  from  the  earlier  German  Blitzkrieg  concept.  Out- 
numbering the  NATO  forces  3:1  on  the  average,  their  first  move  advantage 
can  be  used  to  concentrate  forces  to  create  force  ratios  of  five  or  six 
to  one  at  selected  points  along  the  FEBA.  The  tactic  is  to  attack  with 
mass  and  velocity  at  these  points  to  cause  penetrations  and  breakthroughs 
that  can  be  reinforced.  Such  a result  would  be  a failure  of  the  defending 
anti -armor  forces. 

To  defend  against  the  breakthrough  strategy,  FM  100-5  revised  the  concept 
of  a light  covering  force  defense.  The  basic  precept  of  this  revised  de- 
fense is  that  the  covering  force  will  deceive  the  enemy  into  thinking  he 
is  engaging  the  main  defensive  body  and  accordingly  deploy  his  maneuver 
and  fire  support  units  to  begin  his  main  lines  of  attack.  Intelligence 
assets  will  then  identify  the  threat's  points  of  concentration  in  suffi- 
cient time  to  deploy  a main  line  of  defense  to  block  these  penetration 
attempts  by  restoring  a 3:1  force  ratio.  I have  not  seen  any  hard  dyna- 
mic force  analysis  that  demonstrates  the  efficacy  of  this  tactic.  I am 
not  convinced  that  a 3:1  force  ratio  guarantees  a successful  defense.  I 
do  not  believe  that  a covering  force  can  deceive  the  opponent  to  deploy, 
nor  have  I seen  evidence  that  our  intelligence  assets  will  provide  timely 
combat  information  to  deploy  on  just  the  right  penetration  avenues.  In 
fact,  I have  seen  evidence  to  the  contrary  in  the  recent  CARBON  EDGE 
REFORGER  exercise.  Covering  forces  did  not  cause  Orange  to  deploy  for 
concentrated  attacks,  and  the  intelligence  system  was  ineffective  early 
in  the  campaign.  It  would  appear  that  the  covering  force  tactic  as  de- 
scribed in  FM  100-5  still  leads  to  one  main  line  of  defense  which  can  be 
attacked  with  concentrations  at  selected  points  or,  worse,  to  pockets  of 
heavy  anti-armor  defenses  which  get  bypassed  by  more  distributed  threat 
deployments.  There  clearly  exists  the  need  to  develop  better  tactical 
concepts,  based  on  field  measurement,  experimentation,  and  dynamic  force 
analysis,  that  can  deter,  and  if  necessary,  defeat  the  massed  breakthrough 
attack  strategy. 


^ajor  General  Ira  A.  Hunt,  Jr.,  and  General  Donn  A.  Starry,  "The  Role  of 
Armor  in  Modern  Battle  (U),"  to  be  published  in  a special  issue  of  the 
Journal  of  Defense  Research  entitled  "Armored  Fighting  Vehicles." 
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It  appears  from  past  analyses  that  for  a successful  defense,  significant 
attrition  of  the  threat  must  occur  while  trading  ground  prior  to  reaching 
a single  "decisive  battle"  defensive  position.  General  Starry  implemented 
this  principal  in  the  V Corps  area  with  a heavy  covering  force  defense  -- 
a heavy  deployment  of  battalions  near  the  border  to  engage  the  enemy  imme- 
diately and  extract  significant  attrition  as  they  fall  back  to  the  MLD 
east  of  the  Vogel sberg  hill  mass.1  Because  of  the  limited  favorable  de- 
fense territory,  the  forces  appear  to  be  almost  uniformly  distributed 
over  the  area  for  battalion-sized  engagements  and  a limited  trading  of 
ground  for  enemy  attrition  will  occur. 

Clearly,  there  must  be  other  tactical  principles  that  might  lead  to  im- 
proved tactics  for  defense  against  the  massed  breakthrough  attack  strategy. 
For  example,  it  is  conjectured  that  in  a single  battalion-  or  company- 
sized defensive  engagement,  the  instantaneous  exchange  ratio2  as  a func- 
tion of  battle  time  is  as  depicted  in  figure  1.  The  instantaneous  ex- 
change ratio  is  very  high  and  relatively  independent  of  the  force  ratio 
(and  particularly  of  threat  size)  early  in  the  battle  because  of  con- 
cealment and  first  shot  advantages  accrued  the  defender.  The  instantaneous 
exchange  ratio  advantage  moves  to  the  attacker  as  the  forces  become  deci- 
sively engaged,  because  more  attackers  find  and  engage  targets  and  the 
concentration  and  saturation  phenomena  come  into  play  for  the  attacker. 

In  terrains  that  permit  it,  this  conjecture  (if  valid)  suggests  that  an 
in  depth  use  of  a large  number  of  company  and  below,  brief,  direct  fire 
engagements  or  ambushes  may  be  an  effective  tactic.  The  structure  of  the 
typical,  company-sized  ambush  in  a killing  zone  is  shown  in  figure  2.  In 
brainstorming  sessions3  at  the  DUSA  (OR)  office  two  years  ago,  we  envi- 
sioned that  such  a campaign  might  occur  in  two  phases. 

Phase  I:  This  phase  involves  a somewhat  constant  density  of 
small  mechanized  antitank  teams  who  engage  threat 
forces  in  carefully  selected  (and  perhaps  preprepared) 
terrain  locations.  They  operate  at  the  very  high, 
essentially  force  ratio  independent,  part  of  the  in- 
stantaneous exchange  ratio  curves  by  firing  a small 
number  of  rounds  and  immediately  withdrawing  before 
suffering  any  attrition.  The  withdrawal  is  made  to 
another  engagement  site,  passing  through  a similar 
site  occupied  by  another  AT  team. 

Phase  II:  This  phase  continues  the  sequence  of  engagements  of 
phase  I;  however,  increasing  amounts  of  enemy  attri- 
tion are  to  be  obtained  per  unit  of  ground  traded  at 


'For  a description  of  this  tactic  see  Lt.  General  Bonn  Starry's  address, 
Proceedings  Fifteenth  Annual  US  Army  Of'erations  Research  Symposium,  (spon- 
sored by  the  US  Army  Training  and  Doctrine  Command,  Fort  Monroe,  Virginia, 
26-29  October  1976),  Vol . 1,  pp.  23-58 

■’Mathematically,  the  ratio  of  the  rates  of  attacker  and  defender  losses. 

'See  Seth  Bonder,  et  a 1 . , DUSA (OK ) Memorandum  for  Record,  subject:  Anti- 
Armor  Capabilities  Study,  brains  forming  Sessum  (V) , September  1975. 
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FIGURE  2:  TYPICAL,  COMPAMY-S I ZED  AMBUSH 


the  expense  of  defender  losses.  This  is  achieved  by 
increasing  the  density  of  AT  teams  or  by  organizing 
increasingly  larger  combat  units  who  engage  for  lonqer 
periods  of  time  (thus  moving  farther  down  the  instan 
taneous  exchange  ratio  curve).  This  sequence  of  pro- 
gressively hardening  the  defense  continues  until  the 
final  boundary  line  at  which  time  units  are  organized 
for  the  "decisive  battle"  if  necessary. 

Rather  than  focus  on  obtaining  good  force  ratios  for  individual  engage- 
ments as  does  the  covering  force  concept,  the  tactical  concept  attempts 
to  make  use  of  conjectured,  early-on,  high,  instantaneous  exchange  ratios. 
Although  there  are  many  benefits  associated  with  the  concept,  there  are 
a large  number  of  feasibility,  utility,  and  employment  questions  about 
and  within  the  concept  that  should  be  addressed  experimentally  and  ana- 
lytically. Some  of  these  include  the  following. 

(a)  Do  actual  instantaneous  exchange  ratio  curves  resemble  those 
of  figure  1? 

(b)  Do  the  basic  attrition  capabi 1 i ties , numbers  of  AT  systems 
and  mobility  dynamics,  and  number  of  ambush  sites  provide 
enough  capability  to  kill  a sufficient  number  of  threat 
tanks? 

(c)  What  are  the  appropriate  terrain  characteristics  for  an 
ambush  site?  Are  there  a sufficient  number  of  them  in 
appropriate  regions  in  Europe?  How  far  apart  should  they 
be  spaced?  How  many  AT  systems  and  tanks  should  be  in  an 
AT  team?  How  should  the  systems  be  positioned  at  a site? 

(d)  What  are  good  fire  allocation  procedures  for  an  ambush? 

Should  they  fire  on  the  lead  targets  at  long  ranges  or 
wait  until  more  come  into  range,  thus  decreasing  the 
possibility  of  withdrawal  without  losses?  When  should  the 
AT  team  disengage? 

(e)  What  are  good  withdrawal  tactics?  Is  it  feasible  to 
withdraw  without  suffering  casualties  a large  percentage 
of  the  time? 

(f)  When  should  the  transition  from  phase  I to  phase  II  begin? 

At  what  rate  should  the  density  be  increased  in  phase  II? 

More  generally,  analyses  should  be  conducted  to  determine 
the  effect  that  different  density  patterns  over  the  battle- 
field and  different  redeployment  tactics  have  on  the  dyna- 
mics of  the  battle. 

(g)  Should  the  increased  density  in  phase  II  be  accomplished 
by  increasing  the  density  of  ambushes  or  the  organization 
of  unit  wave  defenses  of  increasing  numbers?  When  should 
AT  teams  from  other  parts  of  the  battlefield  be  used  to 
increase  the  density? 


10 


(h)  The  dynamic  density  defense  concept  would  create  command- 
control  problems.  How  should  the  units  be  controlled? 

What  logistics,  communications,  materiel,  and  discipline 
requirements  are  necessary  to  implement  the  concept? 

(i)  What  are  the  accuracy  and  response  requirements  for  ar- 
tillery to  support  the  concept? 

This  is  but  one  additional  tactical  concept  that  might  be  analyzed  and  tested  in 
a search  for  an  effective  defense  against  a Soviet  massed  breakthrough  aLtack 
strategy.  The  feasibility  and  utility  of  others  can  and  should  be  explored. 

For  example,  is  the  counterattack  an  effective  defense  mechanism  to  slow 
the  momentum  of  the  attack?  Although  it  appeared  to  work  well  for  Blue 
in  REFORGER,  we  must  have  more  understanding  as  to  where,  when,  and  how 
it  should  be  conducted.  Will  we,  in  fact,  be  able  to  counterattack  with 
the  new  generation  of  weapon  systems  which  are  heavily  defense  oriented? 

I have  no  doubt  that  the  Soviets  devote  significant  analysis  efforts  to 
understanding  tactical  concepts  of  attack.  In  their  forthcoming  paper. 

Generals  Starry  and  Hunt1  indicate  that  the  Soviets  are  willing  to  accept 
heavy  tank  losses  in  using  velocity  and  mass  to  achieve  a successful  attack. 

It  would  not  surprise  me  that  the  Soviets  understand  tactics  better  than 
we  do  in  that  velocity  and  mass  may  be  the  best  way  to  reduce  losses  if 
you  wish  to  attack.  Figure  3 suggests  that  this  might  be  true  in  some 
particular  tank  force  battles.  The  relationships  used  to  derive  the 
curves  consider  the  weapon  system  capabilities,  their  range  dependencies, 
number  of  forces,  etc.  The  curves  suggest  that  increasing  the  attack 
velocity  increases  the  number  of  survivors  but  with  decreasing  marginal 
returns.  For  a fixed  attack  velocity,  higher  initial  force  ratios  con- 
serve attackers.  In  essence,  speed  and  force  concentration  are  good  ways 
to  saturate  a defender's  retaliatory  capability.  What  is  the  defense  ana- 
log of  velocity  and  mass  for  an  attack? 

Let  me  next  note  a few  operational  issues  regarding  maneuver  tactics  for 
small  unit  engagements.  One  would  expect  that  with  all  the  study  and  anal- 
ysis performed  on  battalion-  and  company-sized  engagements  for  weapons 
procurement  we  would  have  an  in-depth  understanding  of  small  unit  tactical 
dynamics.  Yet  there  are  many  operational  issues  that  I do  not  believe  we 
understand.  For  example,  one  would  think  military  officers  would  have 
some  common  understanding  as  to  how  to  task  organize  a battalion  for  effec- 
tive defense  of  an  objective.  We  ran  an  experiment  with  30  infantry  offi- 
crrs  who  were  asked  to  organize  a fixed  set  of  infantry  battalion  resources 
into  subunits  for  three  different  defensive  situations.  We  obtained  46 
significantly  distinct  defense  task  organizations.  I am  not  implying  that 
this  result  is  good  or  bad,  only  that  it  is  diverse,  which  suggests  that 
the  military  do  not  as  yet  understand  or  have  definitive  guidelines  on 
organization  for  battlaion  level  defenses.  Can  we  help  develop  this 
understanding? 


’Hunt  and  Starry,  loc.  cit. 
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The  terrain  line  of  sight  (LOS)  is  recognized  as  having  a significant 
Impact  on  the  effectiveness  of  the  coming  generation  of  direct  fire 
weapon  systems  such  as  TOW,  XM-1,  DRAGON,  and  others  intended  for  use 
in  small  unit  engagements.  Yet  I think  the  Army  does  not  understand  the 
subtle  interactions  between  the  terrain  LOS  characteristics  and  the  tac- 
tics for  employing  these  systems.  In  a study  about  two  years  ago,  we 
asked  military  analysts  to  select  five  likely,  company-sized  defensive 
positions  in  a terrain  that  appeared  to  have  relatively  homogeneous  LOS 
characteristics  and  to  design  the  defense  and  assault  tactics  for  each. 

Our  hypothesis  was  that,  for  a fixed  set  of  attack  and  defense  resources, 
the  estimated  combat  results  would  be  about  the  same  for  each  of  the  engage- 
ments because  the  military  tacticians  indicated  that  the  terrain  LOS 
conditions  were  very  similar  for  each,  and  they  had  designed  the  tactics 

to  use  the  terrain  effectively.  The  tacticians  concurred.  Table  1 depicts 
some  of  the  results. 


AVERAGE  ATTACKER  AVERAGE  DEFENDER  WIN 

SURVIVORS1 SURVIVORS1  PROBABILITY 


6.9 

7.2 

6.0 

5.0 

5.6 

TABLE  1 : SAMPLE  RESULTS  OF  COMBAT 


2.5 

.43 

1.8 

.08 

6.0 

1.00 

4.5 

.95 

5.5 

.98 

ON  FIVE  "SIMILAR"  DEFENSIVE  POSITIONS 


The  variance  in  combat  results  is  very  high,  suggesting  that  either  the 
model  used  to  generate  the  results  is  incorrect  or  the  terrain-tactics 
interactions  are  not  well  understood.  A follow-on  study  indicated  that 
a majority  of  this  variability  is  due  to  attacker  coordination  differences 
Clearly  this  is  an  area  which  is  of  significant  operational  importance 
and  one  that  is  amenable  to  experimental  and  analytic  study. 

I think  I need  not  emphasize  the  importance  of  understanding  the  tactical 
implications  and  use  of  smoke  in  small  unit  actions.  How  should  we  oper- 
ate when  the  enemy  employs  smoke  in  an  assault?  Will  it  reduce  the  time 
we  have  to  service  a fixed  number  of  attackers?  If  so,  how  should  we 
change  our  defense  tactics  until  technological  fixes  are  developed?  How 
should  we  operate  if  the  enemy  uses  smoke  when  we  assault?  How  should 
we  use  smoke  in  the  defense?  In  the  attack? 


Fire  Support  Procedures 

a "umber  of  issues  and  questions  in  the  operational  use 

of  artillery,  attack,  helicopter,  and  CAS  that  can  and  need  be  addressed 

'Fifteen  Initial  attackers  and  six  initial  defenders. 
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to  enhance  the  delivery  of  fire  support  fires.  In  the  interest  of  brevity, 
I will  note  but  a few  interrelated  ones  without  much  elaboration. 

• Dynamic  Allocation  of  Supporting  Fires:  It  is  anticipated 
that  increased  target  acquisition  capability  in  the  form  of 
SOTAS,  ALR,  and  many  SIGINT  systems  will  result  in  a signi- 
ficant increase  in  the  number  of  high  priority  targets  and 
thus  requested  fires. 

• How  can  we  best  coordinate  the  use  of  artillery,  CAS,  and 
attack  helicopters?  Who  should  be  assigned  what  targets 
and  when? 

• How  should  requests  for  fire  be  satisfied  when  there  is  a 
saturated  fire  request  queue? 

• Can  we  continue  to  guarantee  artillery  fires  to  the  bri- 
gades, given  the  limited  number  of  tubes  available? 

• When  should  a threat  maneuver  unit  be  targeted  with  fire 
support  fires?  When  engaged?  Enroute  to  the  front? 

Before  or  after  crossing  a barrier? 

• When  should  artillery  be  used  against  threat  maneuver 
units  versus  counterbattery  fire? 

• How  can  we  coordinate  the  use  of  AH  and  CAS  fire  support  with 

the  suppression  (both  fire  and  EW)  of  threat  air  defense  artillery? 

• What  is  an  appropriate  way  to  trade  off  the  coverage  and  survi- 
vability of  artillery?  Forward  deployment  increases  their 
coverage  at  the  expense  of  survivability,  while  deployment 
further  back  from  the  FEBA  reverses  this  tradeoff. 

• How  can  the  fire  support  element  make  more  effective  use  of 
SOTAS?  In  the  first  week  of  the  recent  REFORGER  exercise, 

SOTAS  was  used  principally  by  the  G-2  section  for  OB  esti- 
mation and  only  minimally  as  a target  acquisition  source  for 
dynamic  allocation  of  artillery  fires. 

• Should  the  number  of  tubes  in  an  artillery  battery  be  in- 
creased? In  the  division  artillery  with  66  tubes,1  there  is 
ar.  overall  average  of  32  people  per  tube  but  only  10  are  re- 
quired to  fire  a tube.2  What  are  the  operational  trade  offs 
with  spreading  the  management  personnel  costs  over  more  tubes? 

Could  the  number  of  tubes  per  battery  be  increased  without 
adding  personnel  to  the  division  artillery? 


'Three  155  mn  battalions  with  3 batteries  of  6 tubes  each  and  one  8" 
battalion  with  4 tubes  per  battery. 

2There  are  approximatley  2100  people  in  the  division  artillery,  about  1400 
of  whom  are  management.  Each  battery  has  about  100  people,  about  40  of 
whom  are  management. 
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• How  can  the  range  capability  of  Copperhead  be  exploited  beyond 
the  range  of  targets  in  line  of  sight  with  the  forward  observer 
and  the  GLD?  Copperhead  appears  to  be  a losing  competitor 
against  direct  fire  systems  as  a tank  killer  in  the  0 - 3 km 
region.  Is  is  feasible  to  use  stay-behind  forces?  RPVs? 

• What  is  an  appropriate  basic  load  for  an  artillery  battery 
considering  the  proliferation  of  ammunition  types  that  are  and 
will  be  available?1  How  should  this  load  structure  change 
with  projected  artillery  missions? 

• What  is  the  best  way  to  employ  FASCAM?  How  should  it  be 
used?  Should  it  be  deployed  in  front  of  adversary  forces 
or  on  top  of  them?  What  size  area  should  be  covered? 


Intelligence/Electronic  Warfare  Procedures 

The  need  to  develop  effective  operational  procedures  in  the  intelligence 
and  electronic  warfare  areas  I believe  exceeds  that  of  maneuver  unit  tac- 
tics and  fire  support  procedures  because  (a)  the  forthcoming  generation 
of  technologically  complex  IMAGERY,  ELINT,  and  COMINT  intelligence  systems 
are  expected  to  provide  a "fire  hose"  of  near  real-time  data  on  the  threat, 
(b)  SIGINT  and  EW  systems  are  now  organic  to  the  units  and  are  the  respon- 
sibility of  the  operating  cormanders,  and  (c)  effectively  employed  EW  capa- 
bilities can  provide  a new  dimension  of  combat  power  for  the  operating 
forces.  Yet,  we  have  relatively  little  experience  in  how  to  employ  these 
systems.  I am  not  convinced  we  know  how  to  employ  even  the  generation  of 
primitive  systems  now  fielded.  Let  me  cite  but  a few  areas  where  opera- 
tional support  is  needed. 

• G-2  Operations:  Figure  4 provides  a schematic  view  of  the 

roles  and  functions  of  G-2  operations.  The  first  processing 
function  is  an  integrative  one  that  assimilates  all  source 
collection  reports  to  produce  continual  estimates  of  enemy 
order  of  battle  for  use  by  the  operations  staff.  The  second 
processing  function  is  an  analysis  one  that  provides  fore- 
casts of  alternative  enemy  capabilities,  his  likely  inten- 
tion, and  its  associated  vulnerabilities.  This  information 
is  developed  to  support  tactical  planning  and  control  for 
the  next  period  of  the  campaign.  Finally,  there  is  the 
function  of  developing  plans  to  manage  the  collection  assets. 
Operational  assistance  is  needed  on  the  following  issues/ 
questions. 

• Can  we  improve  the  information  flows  within  and  between 
the  G-2  production  and  operations  activities? 

• What  is  an  effective  means  of  integrating  the  many  dif- 
ferent time-based  reports  to  produce  best  estimates  of 
enemy  order  of  battle  (OB)?  Must  we  produce  OB  enemy 
unit  identifications  or  would  knowledge  of  where  threat 
forces  are  located  suffice? 


1 H i g h explosive,  white  phosphorous.  Copperhead,  FASCAM,  etc. 
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• How  should  the  analysis  function  to  estimate  alternative 
enemy  capabilities  and  select  his  likely  intention  be 
performed?  Recognizing  that  this  is  a difficult  cognitive 
process,  clearly  we  can  do  better  than  the  current  proce- 
dure of  staring  at  a large  number  of  static  OB  guesses  on 
a map! 

• How  should  the  collection  plan  for  the  next  period  of  the 
campaign  be  designed  to  develop  more  evidence  to  support 
(or  alter)  the  OB  and  enemy  intention  estimates?  What 
are  elective  real  time  procedures  to  control  the  collec- 
tion assets  during  their  missions? 

• How  should  the  corps/division  intelligence  system  coordinate  and 
exchange  information  with  the  Army  EAC,  the  Air  Force,  and  other 
NATO  nations  to  provide  a common  perception  of  the  battlefield? 

• How  can  a tactical  intelligence  transient  be  avoided  between 
peacetime  and  wartime  capabilities?  In  the  anticipated  short, 
fast-moving  campaign,  the  operating  commanders  cannot  wait  3 - 

4 days  for  the  intelligence  system  to  provide  useful  information. 

Are  there  precedures  which  can  provide  for  the  survivabil ity  of 
tactical  intelligence  linguists/analysts  and  still  insure  effec- 
tive utilization  of  this  scarce  resource? 

• Where  should  jamming  assets  be  used?  Against  what  nets?  When 
should  jamming  be  employed  in  a defensive  operation?  An  offen- 
sive one?  What  are  effective  procedures  to  employ  automatic 
jamming  of  high  priority  frequencies? 

• What  is  an  effective  way  of  trading  off  jamming  and  other  means 
of  servicing  targets?  When  is  it  appropriate  to  collect  versus 
jam,  or  deceive  versus  jam?  Should  an  acquired  threat  ALR  be 
jammed  or  destroyed? 

• What  are  effective  ways  to  search  for  targets  using  COMINT 
systems?  Is  it  necessary  to  have  unit  identity  information  to 
extract  useful  information?  What  are  effective  means  of  main- 
taining a technical  data  base? 


C'  Pro  't  iui'e 3/Orian ization 

The  Army  has  had  research  programs  in  command  and  control  and  related  auto- 
mation systems  for  almost  two  decades  starting  with  the  CCIS  study  in  1958, 
field  exercise  CARDINAL,  the  DEVTOS  in  Europe  and  at  MASSTER,  SIMTOS  at 
ARI,  the  IACS  concept  and  I B ICS . In  the  last  seven  years  there  have  been 
a plethora  of  tests  and  studies  in  this  area;  yet,  there  remain,  speaking 
charitably,  a few  unresolved  fundamental,  procedural  and  organizational 
issues. 


• What  are  reasonable  operating  procedures  between  the  G-3  and 
G-2  sections  that  provide  for  effective  use  of  intelligence 
information  by  the  operations  staff  and  appropriate  tasking 
of  the  G-2  activity  by  them? 
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• Can  a TOC  be  structured  that  will  facilitate  better  inter- 
actions between  the  intelligence  and  operations  activities? 
Perhaps  the  G-3/G-2  dichotomy  only  serves  to  perpetuate  the 
existing  apparent  caste  structure. 

• How  often  should  a division  TOC  be  moved  to  avoid  lengthy 
transfer  of  control  to  the  TAC  and  still  minimize  targeting 
of  the  TOC?  Can  the  tear-down  and  set-up  procedures  be 
improved?  Should  we  have  a main  TOC  and  an  austere  TAC  or 
two  identical  main  command  posts? 

• What  procedures  and  aids  can  be  developed  to  utilize  all  the 
data  planned  to  be  incumbent  in  TOS?  How  should  the  TOS  data 
base  be  purged? 

• Do  we  understand  the  trade-off,  feasibility,  and  utility 
issues  associated  with  centralized  versus  decentralized  com- 
mand and  control  of  the  corps  lower  echelon  units  and  assets? 
Which  would  be  more  advantageous  if  we  do  not  develop  an  in- 
telligence systen  that  provides  a common  perception  of  the 
battlefield  from  corps  to  the  battalion? 


Comunication  Procedures 

There  are  a number  of  Army  communications  operational  problems  --  both 
large  and  small  --  that  I think  could  profit  from  data-based  operational 
analyses . 


2 

• Communication  of  C and  intelligence  information  is 
one  of  the  European  Command's  major  problems  in  that 
rarely  seems  to  operate.  Can  we  assist  in  making  it  work? 

• How  should  the  Army  operate  recognizing  that  the  communication 
system  may  likely  fail? 

• How  should  single  channel  freguencies  be  allocated  to  minimize 
inter-  and  intra-net  interference?  What  discipline  can  be 
used  to  minimize  this  interference? 

• What  procedures  should  be  used  when  a net  is  being  jammed? 

2 

• How  should  division  C communications  be  routed  to  reduce  the 
likelihood  of  the  TOC  and  TAC  being  targeted? 

• What  on/off  procedures  should  be  used  to  mitigate  acquistion 
by  threat  SIGINT  systems. 


Nuclear  Doctrine 

Until  very  recently,  studies  on  employment  of  tactical  nuclear  weapons  con- 
sidered the  efficacy  of  the  one-sided,  US  nuclear  salvo  against  a Soviet  con 
ventional  force  using  a massed  breakthrough  strategy.  A recent  dynamic. 
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two-sided  force  analysis  of  combined  conventional/nuclear  campaigns  against 
a "granular"  attack  strategy1  has  suggested  that  there  exist  a large  num- 
ber of  unanswered  operational  and  doctrinal  issues  and  debates  regarding 
the  employment  of  tactical  nuclear  weapons  against  both  the  breakthrough 
and  granular  attack  strategies. 

• How  effective  is  the  new  TRADOC  salvo  doctrine  which  ad- 
vocates firing  at  suspected  maneuver  unit  target  locations 
with  the  largest  yield  available  within  collateral  damage 
constraints?  How  does  this  doctrine  compare  to  the  previous 
doctrine  of  firing  only  at  confirmed  locations  of  discrete 
targets?  Would  it  be  effective  to  fire  as  suspected  loca- 
tions of  threat  TNF  elements? 

• How  should  weapons  in  a pulse  be  allocated  between  and  among 
TNF  elements  and  maneuver  units? 

• What  are  good  strategies  for  employing  multiple  pulses? 

• How  effective  is  the  SHAPE  doctrine  of  employing  a small 
nuclear  signal? 

• Would  it  be  effective  to: 

(a)  extend  a single  pulse  beyond  the  45  - 90  minutes 
currently  planned? 

(b)  use  large  pulses  against  TNF  elements  only  and  sur- 
gically attack  maneuver  units  with  tactical  nuclear 
weapons  as  needed? 

(c)  use  nuclear  forces  to  channel  attackers  into  killing 
zones  prepared  by  conventional  forces  or  vice  versa? 

o 

(d)  disrupt  the  enemy  C by  high  priority  targeting  of 
his  C,  elements,  either  in  the  initial  or  a subse- 
quent pulse? 

(e)  have  some  artillery  tubes  designated  for  nuclear 
fires  only? 


Logistics  Policies 

Logistics  has  traditionally  been  a main  area  in  which  the  Army  has  per- 
formed more  operationally-oriented  studies  than  long  range  planning  ones. 
I recall  the  activity  of  the  RAC  crew  including  Wiggins  and  Hoppes,  who 


'The  significant  characteristic  of  the  granular  attack  strateqy  is  that 
the  attacking  forces  are  generally  distributed  both  lateral,.,  and  in 
depth  throughout  the  attack  zone. 
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lived  with  units  of  the  VII  Army  in  Europe  in  the  early  1960s  and  contri- 
buted significantly  in  a number  of  operational  logistics  problems.  While 
the  Army  has  performed  a few  data-based  operational  logistics  studies,  I 
believe  we  should  do  more  on-line  analysis  in  the  field  similar  to  the 
earlier  RAC  work.  Although  I am  clearly  not  as  knowledgeable  as  our  hosts 
here  at  the  Logistics  Center,  I would  think  we  could  make  some  significant 
contributions  in  (a)  the  retail  inventory  management  system  (reorder  points, 
reorder  frequency,  echelon  at  which  to  store  items,  etc.),  (b)  developing 
a good  data  base  for  current  and  future  system  -'’pair  parts  demand,  (c) 
identifying  supply  point  locations  for  anticipated  campaign  conditions, 

(d)  addressing  a host  of  readiness  (major  item  availability)  problems  for 
specific  units,  (e)  developing  and  practicing  wartime  replacement  policies, 
and  (f)  addressing  important  ammunition  replenishment  and  distribution 
problems. 


Methodology 

This  address  would  not  be  complete  unless  I made  a few  comments  regarding 
OR  methodology.  Two  of  my  comments  identify  high  priority  methodology 
areas  and  the  third  concerns  Dave  Hardison's  pitch  last  year  for  simple 
models  and  approaches. 

(1)  Methodology  for  the  1980s:  To  implement  the  ideas  I have 
proposed  today  for  OR  emphasis  in  the  next  decade  or  two, 
methodology  for  using  field  exercises,  CDEC-type  tests, 
and  simulation  technology  (war  games,  simulations,  analytic 
models)  in  an  interdependent  and  synergistic  manner  will 
have  to  be  developed.  This  methodology  will  have  to 
address  issues  of  the  following  kind. 

• How  should  simulation  technology  be  used  to  guide 
data  collection  efforts?  What  data  should  be  col- 
lected in  field  exercises?  In  CDEC  type  tests? 

• What  degree  of  measurement  accuracy  is  needed? 

• How  can  field  exercise  data  be  collected  with  suf- 
ficient accuracy  and  (a)  not  give  rise  to  the 
Heisenberg  measurement  effect  and  (b)  not  detract 
from  the  main  purpose  of  the  exercise? 

• How  should  field  data  be  used  to  verify  the  models? 

What  types  of  hypotheses  should  be  tested?  How 
should  field  data  serve  as  a guide  to  model  develop- 
ments? Is  it  feasible  to  do  overall  model  verifi- 
cation studies  or  should  it  be  by  major  submodels? 

• Is  it  technically  advisable  to  simulate  at  some 
echelons  and  perform  field  exercises  and  tests  at 
others  or  should  measurement  and  simulation  be 
performed  at  all  levels? 


(2)  Interactive  Campaign  Modeling:  I believe  another  high  prior- 
ity methodology  area  involves  the  development  and  use  of  inter- 
active models  (with  appropriate  output  graphics)  in  which  sig- 
nificant decisions  in  a campaign  are  made  interactively  by 
military  decision  makers.  It  is  important  to  recognize  that 

I am  not  suggesting  the  development  of  large  war  games  (we've 
been  there  before)  with  large  numbers  of  players  for  Blue, 

Red,  and  Control  teams,  but  rather  a small  number  of  decision 
makers  (perhaps  1,  2,  or  at  most  3)  for  each  side  who  interact 
with  the  model  such  that  it  can  be  run  in  real  or  preferably 
compressed  time.  Interactive  models  will  provide  a number  of 
benefits : 

• They  will  be  deemed  more  credible  by  many  in  the  DoD 
when  used  as  analysis  vehicles, 

• They  will  provide  a useful  diagnostic  tool  because  of 
the  player  interactions, 

• They  could  be  designed  to  serve  as  valuable  training 
vehicles  for  military  decision  makers  (e.g.,  division 
commander,  G-2,  G-3,  etc.),  and 

• They  will  provide  a means  of  collecting  large  amounts 
of  data  on  decisions  and  concomitant  engagement  status 
variables  which  could  be  used  to  develop  empirical  de- 
cision making  relationships  for  use  in  automated  models.1 

(3)  Occam's  Razor  Revisited:  In  last  year's  keynote  address,  Dave 
Hardison  denounced  complex  approaches  and  models  and  urged  the 
community  to  strive  for  simplicity  of  relationships  and  trends, 
not  the  room  full  of  numbers.  I would  add  a caveat  to  that  -- 
let  the  models  be  both  simple  and  vight\  All  too  often  because 
of  the  complexity  of  some  of  our  models  and  their  data  require- 
ments members  of  our  community  have  developed  and  used  simple, 
but  clearly  inadequate,  models  in  important  analyses.  For 
example,  CAA  and  the  Armor  School  both  have  developed  simple 
linear  models  of  weapon  effectiveness  and  performed  linear 
analyses  of  tank  systems  with  them.2’3 


'Rather  than  attempting  to  build  phenomenological  models  of  how  military 
decision  makers  make  decisions  which  I believe  is  a futile,  unrealistic 
activity. 

•US  Army  Concepts  Analysis  Agency,  "Weapon  Effectiveness  Indices/Weighted 
Unit  Values  (WEI  WUV)."  (SECRET;  Volume  II,  Basic  Report  (Study  Report 
CAA-SR-73-18)  April,  1974.  Bethesda , Maryland. 

’US  Army  Tank  Special  Study  Group,  "Tank  Special  Study  Group  Report." 
(SECRET)  Headquarters,  US  Army  Armor  Center  and  Fort  Knox.  17  April  1975. 
Fort  Knox,  Kentucky. 
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Yet,  General  Starry  and  General  Hunt  point  out  the  major 
shortcomings  of  such  models1  and  indicate  that  they  cannot 
take  into  account  the  many  important  dynamics  of  warfare. 
Complex  phenomena  at  times  require  complex  descriptions. 
Adequate  simple  models  of  complex  processes  may  take  years 
to  develop.  In  fact,  a review  of  combat  model  developments 
over  the  past  two  decades  in  the  US  would  indicate  that  we 
have  been  following  a trajectory  toward  sophisticated  but 
less  complex  (i.e.,  less  cumbersome)  models.  This  trend  is 
shown  in  figure  5 for  both  small  unit  engagements  (battalion 
and  below)  and  the  division-corps  level.  The  general  trend-’ 
is  to  move  from  simple  models  to  more  complex  detailed  simu- 
lation approaches,  and  then,  based  on  this  experience,  to 
sophsi ticated  analytic  (hence,  simplified)  models.  I believe 
a change  in  direction  toward  more  field  operations  analysis 
and  interactive  modeling  will  provide  insights  necessary  to 
continue  the  trend. 


SUMMARY 


In  summary,  I have  suggested  a cha.ige  in  the  direction  of  Army  OR  for  the 
next  decade  --  a change  that  would  provide  more  focus  on  operational  studies 
to  determine  effective  ways  to  employ  the  current  and  forthcoming  genera- 
tion of  new  Army  systems.  It  should  involve  field  measurement,  experimen- 
tation, and  simulation  technology  synergistical ly  to  analyze  and  create 
tactics  and  procedures  for  improved  operations.  I am  not  suggesting  a 
complete  reduction  in  systems  analysis  activities  such  as  COEAs  and  long 
range  force  structure  studies,  but  rather  a shift  to  increasing  emphasis 
of  research  on  operations  over  the  next  2-3  years  in  preparation  for 
such  work  in  the  1980s.  I tried  to  indicate  the  nature  of  the  proposed 
activities  by  delineating  the  types  of  issues  that  might  be  addressed. 
Clearly  I have  presented  but  a few  of  the  issues  in  each  of  the  subject 
areas  mentioned  and  omitted  other  relevant  operational  areas  for  study 
such  as  engineering  and  medical  operations. 

I should  note  in  passing  that  there  are,  of  course,  other  study  areas  that, 
although  non-operational  per  se,  will  warrant  your  efforts.  They  have  bene- 
fits unto  themselves  and  are  mutually  supportive  with  the  research  on  opera- 
tions. Some  of  these  include  the  following. 

• Development  of  management  information  systems  as  repositories 
for  the  large  amounts  of  data  that  will  accrue  and  the  inven- 
tory of  knowledge  about  military  operations  that  will  be 
created  over  the  years. 


■Hunt  and  Starry,  op  cit p.  22. 

■Which  also  has  been  identified  in  industrial  OR  model  developments. 
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• Development  of  appropriate  training  techniques,  procedures, 
and  systems.  This  an  important  area  that  is  a logical  com- 
panion of  the  research  on  operations  but  a trailing  one  until 
the  knowledge  of  what  tactics  and  procedures  are  to  be  taught 
is  developed. 

• Analysis  of  Research  and  Development  management  activities  to 
identify  areas  of  science  and  technology  that  ought  to  be 
pursued  over  the  next  decade  as  a supporting  base  for  develop- 
ment of  1990  product  improvements  and  follow-on  systems.  This 
activity  will  be  provided  with  natural  feedback  from  the  opera- 
tional analyses  as  the  OR  analyst  resumes  his  historical  role 
as  the  intermediary  between  the  developer  and  the  user 
communities . 

Although  I think  there  are  many  payoffs  associated  with  a shift  to  more 
research  on  operations,  it  will  come  about  only  through  strong  guidance 
by  the  DUSA  (OR)  and  other  senior  operations  researchers  in  the  Army. 

It  will  require  some  significant  administrative  and  behavioral  changes 
such  as: 


• A moderation  of  the  legislated  advocacy  requirement  to  conduct 
a large  number  of  COEA  and  COEA-like  studies  each  year, 

• Design  of  a specific  integrated  program  to  perform  the  re- 
search on  operations  and  designation  of  an  Army  organization 

of  operations  researchers  to  initiate  the  transition  activities, 

• Invitation  by  the  operational  forces  (initially  those  in 
Europe)  for  the  OR  community  to  work  with  them  and  the  pro- 
vision of  financial  resources  to  do  so,  and 

• A reassociation  of  the  Army  OR  community  with  the  OR  and  scien- 
tific communities  at  large.  That  is,  I think  there  should  be 

a conscious  effort  to  again  involve  the  intellectual  resources 
of  academia  and  research  organizations  with  Army  operations 
research. 

The  alternative  to  my  recommended  change  in  direction  is  a not  insigni- 
ficant probability  of  continued  problems  with  senior  military  managers  and 
perhaps  the  demise  of  Army  OR.  The  potential  professional  benefits  and 
payoffs  to  the  Army  of  this  change  are  high.  Although  data-based  scien- 
tific activities  are  not  respectors  of  tradition,  and  thus  may  reveal  some 
inadequacies  in  classical  Army  doctrine,  a scientific  profession  has 
traditionally  been  needed  for  its  abilities  and  respected  for  its 
contributions.  The  opportunity  to  revitalize  the  Army  OR  scientific 
profession  is  at  hand. 
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V 


REMARKS  BY 

GENERAL  WALTER  T.  KERWIN,  JR. 

VICE  CHIEF  OF  STAFF,  UNITED  STATES  ARMY 

TO  ARMY  OPERATIONS  RESEARCH  SYMPOSIUM  (AORS  XVI) 

FORT  LEE,  VIRGINIA 

THURSDAY,  13  OCTOBER  1977  (0900  Hours) 

I am  pleased  to  have  the  opportunity  to  address 
your  symposium  this  morning.  Your  theme  "Operations 
Research  Support  to  the  Army  of  the  80's  --  Looking 
Ahead"  is  a challenging  one.  It  led  me  to  reflect  on 
what  I thought  the  Army  of  the  80’s  might  be  like. 

My  perception  of  that  Army  is  what  I will  speak  about 
today. 

To  look  ahead  you  have  to  look  back.  When  I 
looked  back  over  thirty-eight  years  of  Active  Duty, 

I saw  an  Army  that  had  evolved  from  a small,  mostly 
rifle  oriented  force.  It  is  now  dominated  by  anti- 
armor weapons.  Crew  served  weapons  are  the  order 
of  the  day. 
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The  backbone  of  our  Army  has  been,  and  will 
continue  to  be,  its  people.  During  these  past  four 
decades  the  Army's  strength  has  varied  depending 
upon  whether  we  were  involved  in  conflict.  But  the 
trend  since  World  War  II  has  been  downward  in  man- 
power authorizations.  This  trend  has  reinforced 
the  American  desire  to  substitute  firepower  and 
materiel  for  people.  We  use  weapons  to  make  up  for 
lesser  manpower. 

I see  four  challenges  ahead  to  this  approach. 

The  first  is  the  rising  cost  of  manpower.  The  second 
is  the  need  for  more  highly  skilled  soldiers  to  operate 
and  maintain  the  new  equipment.  The  third  is  the 
composition  of  the  force  --  that  is,  women  in  the 
Army.  And  the  fourth  is  keeping  our  readiness  up. 

Manpower  costs  continue  to  rise.  We  want  to 
keep  16  Active  Divisions.  But  we  may  not  be  able  to 
buy  all  the  equipment  we  need  as  soon  as  we  would 
like. 
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The  need  for  increased  skill  levels  for  our 
equipment  operators  and  maintenance  personnel 
adds  to  the  problem.  It  will  cost  more  to  recruit, 
train,  and  keep  these  skilled  soldiers. 

Inflation  and  advances  in  technology  have 
pushed  the  costs  of  equipment  up  at  the  same  time. 
All  of  this  means  that  the  Army  is  facing  a serious 
"affordability  crisis.."  Hard  choices  between  people 
and  things  will  have  to  be  made. 

But  I have  faith  in  people.  People  will  find  ways 
to  soften  the  impact  of  these  hard  choices.  They  will 
find  quicker*  and  better  methods  of  training.  People 
will  find  ways  of  organizing  units  to  fight  more 
effectively.  People  will  also  find  ways  to  control  the 
impact  of  rising  hardware  costs. 

We  are  already  experimenting.  We  are  looking 
at  division  restructuring  at  Fort  Hood.  We  will  see  if 
we  can  achieve  more  pay-off  from  our  new  weapons 
and  equipment  by  organizing  around  our  equipment. 
We  may  find  that  more  efficient  training  will  result 
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from  organizing  companies  for  specific  weapons  such 
as  TOW.  We  have  a plan  to  test  this  new  concept 
extensively.  I have  no  idea  how  these  tests  will  come 
out.  But  I am  convinced  that  the  Army  of  the  80's 
must  have  the  best  organization  possible.  And  that 
organization  must  get  the  most  out  of  its  people  and 
weapons. 

We  are  also  looking  at  training  and  skill  levels 
in  another  way.  We  intend  to  provide  manuals  which 
are  keyed  to  the  reading  levels  of  our  recruits.  In 
this  way  our  soldiers  can  read  and  understand  the 
manuals  more  easily. 

I also  see  the  Army  of  the  80 1 s as  one  which  will 
have  more  equipment  common  to  that  of  our  NATO 
Allies.  Rationalization,  standardization  and  inter- 
operability provide  us  the  opportunity  for  a more 
effective  Alliance  defense.  We  can  also  realize 
economies  in  hardware  production  and  in  spare  parts 
supply.  Eventually  we  may  share  maintenance 
facilities  with  our  Allies. 
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Now,  as  to  force  composition  I see  the  Army 
of  the  80 ' s with  more  women  soldiers  than  we  now 
have.  Women  will  be  in  more  occupational  special- 
ities than  at  present. 

During  this  year's  REFORGER  we  tested  the 
performance  of  women  under  prolonged  conditions 
of  simulated  field  combat.  When  the  results  are 
analyzed,  we  will  know  better  the  role  of  women  in 
our  units.  We  can  begin  now  by  treating  all  of  our 
people  as  soldiers,  not  as  men  soldiers  or  women 
soldiers. 

While  people  are  the  key  --  they  make  everything 
work  --  the  world  changes.  We  now  have  new 
challenges  to  our  way  of  thinking  about  people. 
Changes  in  strategic  realities  pose  new  challenges 
to  our  way  of  thinking  about  the  readiness  of  the 
Army.  You  Army  analysts  need  to  start  helping  us 
with  ways  to  manage  these  new  approaches. 
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We  have  traditionally  defined  the  readiness  of 
the  Army  in  terms  of  unit  readiness.  We  were  able 
to  measure  the  training,  the  personnel  strength, 
and  the  maintenance  status  in  a unit.  We  felt 
comfortable  it  unit  readiness  was  high,  at  C-l  or 
C - 2.  But  high  unit  readiness  alone  may  not  help 
us  respond  rapidly  in  the  event  of  war. 

Resources  and  production  rates  constitute  one 
set  of  new  realities.  Shrinking  reaction  time  and 
the  nature  of  modern  warfare  constitute  another. 

In  the  past,  we  have  assumed  that  we  would  have 
enough  time  to  react  to  a Warsaw  Pact  mobilization. 
We  cannot  now  accept  such  an  assumption.  While 
we  were  engaged  in  Vietnam  and  shifting  to  a smaller 
All  Volunteer  Army,  the  Warsaw  Pact  increased  and 
modernized  their  forces.  We  must  begin  to  prepare 
the  Army  to  react  in  as  short  a period  as  possible. 

We  must  have  a significant  capability  to  react  within 
a week.  The  changed  strategic  situation  means  that 
a better  way  of  looking  at,  and  maintaining,  the 
readiness  of  the  Army  is  necessary. 
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We  had  to  do  more  than  just  look  at  the  unit 
readiness  ot  a division,  battalion,  or  company  by 
itself.  Unit  readiness  didn’t  tell  us  much  about 
the  responsiveness  of  the  entire  Army.  Force 
readiness  does.  It  includes  unit  readiness  in  the 
traditional  way.  But  it  also  gives  significant 
consideration  to  rapid  mobilization,  deployability 
and  reinforcement,  and  sustainability.  We  are 
working  out  the  details  on  how  to  measure  and 
implement  this  concept. 

But,  let  me  explain  a little  more  about  how  force 
readiness  wgrks.  In  the  first  place,  the  total  require- 
ments for  force  readiness  are  greater  than  for  tradi- 
tional unit  readiness.  For  example,  units  from  the 
United  States  which  would  respond  to  a European 
crisis  would  not  be  very  effective  until  their  equipment 
arrived.  We  therefore  preposition  equipment  and 
reserve  stocks  in  the  NATO  theater  for  them.  In  this 
example,  the  materiel  requirements  could  double. 
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The  constraints  imposed  by  budgets  and  produc- 
tion rates  mean  that  we  can't  do  it  as  quickly  as  we 
would  like.  We  may  have  to  accept  a lesser  level  ot 
unit  readiness  in  some  elements  ot  the  Total  Army 
here  at  home  for  a time.  But  we  must  improve  the 
force  readiness  of  the  Army  as  a whole  to  be  able  to 
respond  to  a NATO  crisis. 

We  will  withdraw  some  equipment  from  the  Army 
here  in  the  United  States  to  increase  the  combat 
power  and  the  prepositioned  and  War  Reserve  stocks 
of  the  Army  in  Europe.  The  unit  readiness  ot  those 
elements  at  .home,  whether  Active,  National  Guard, 
or  Re*  rve  will  be  affected.  However,  the  equipment 
left  behind  by  troops  deploying  rapidly  to  Europe 
would  immediately  become  available  for  reallocation. 
Some  of  this  equipment  could  be  shipped  by  sea  to 
forces  arriving  later.  Some  could  be  used  to  raise 
and  train  new  forces  for  deployment  in  a lengthy  war. 

Force  readiness  does  not  mean  battalions  and 
divisions  on  continuous  alert.  It  does  include, 
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however,  making  sure  that  our  soldiers  have  taken 

care  of  everything  that  would  delay  their  deployment 

- shots  and  dog  tags,  for  example,  are  some  of  the 

things  that  come  to  mind.  The  constraint  on  force 

readiness  is  not  the  physical  availability  of  the 

soldier  around  the  clock.  Rather,  the  problem  is 

to  make  sure  that  when  units  are  required,  they 

can  deploy  immediately.  u 

m 

Force  readiness  includes  other  means  to  improve 
the  responsiveness  and  combat  effectiveness  of  the 
whole  Army.  The  Reserve  Component  Affiliation 
Program  is  an  important  element  in  our  thinking 
about  the  force  readiness  of  the  Total  Army.  You 

i i 

are  familiar  with  the  Affiliation  Program.  Let  me 
review  its  role  in  force  readiness. 

Affiliation  is  a method  to  bring  our  Reserve 
Component  force  to  bear  quickly  in  a crisis.  Its 
success  underscores  the  dependence  of  the  Nation 
upon  the  National  Guard  and  Reserves.  Currently, 

80  combat  battalions  from  the  Army  National  Guard 
and  16  from  the  Army  Reserve  are  participating  in  . 
this  program. 
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My  experience  indicates  that  the  Attiliation 
Program  has  been  accepted  with  enthusiasm  by 
both  the  Active  units  and  the  Guard  and  Reserve. 
Relationships  have  matured  and  mutual  confidence 
has  grown.  The  overall  unit  readiness  of  the 
affiliated  units  has  also  improved  along  with  the 
force  readiness  of  the  Total  Army. 

On  the  other  hand,  force  readiness  is  reduced 
by  the  decrease  in  the  Individual  Ready  Reserve. 

We  need  people  in  the  IRR  to  sustain  the  force  in 
case  of  a prolonged  crisis. 

Rationalization,  standardization  and  inter- 
operability within  NATO  will  also  improve  our  force 
readiness.  The  President,  the  Secretary  ot  Defense, 
and  the  Department  ot  the  Army  are  committed  to 
this  approach.  RSI  involves  measures  to  improve 
the  military  effectiveness  ot  the  Alliance  by  more 
efficient  use  ot  Alliance  resources.  We  can  do  this 
by  making  our  equipment,  supplies,  and  doctrine 
the  same  or  compatible.  If  we  can  use  the  same 
logistics  systems,  then  resources  can  be  reallocated. 


Our  own  force  readiness  can  be  improved.  We  will 
have  greater  flexibility  as  standardization  in  NATO 
increases. 

We  have  hard  work  ahead  to  keep  the  quality  of 
our  people  high  and  improve  force  readiness.  We 
must  do  this  despite  the  realities  we  face.  We  need 
new  techniques  of  training  management.  We  should 
have  better  approaches  to  preparation  tor  overseas 
movement  prior  to  a crisis.  We  must  become  serious 
about  closer  integration  with  our  NATO  Allies. 

In  closing,  I am  going  to  challenge  you  as 
analysts.  The  issues  I have  raised  this  morning 
reflect,  in  the  main,  operational  concerns  of  field 
commanders.  You  Army  analysts  have,  for  a long 
time,  focused  primarily  on  the  acquisition  process 
for  materiel.  You  must  now  look  beyond  force 
effectiveness  based  upon  materiel  performance. 

The  Army  of  the  8 0 ' s needs  good  analysis  techniques 
to  assist  the  field  commander  with  his  need  to  in- 
crease productivity,  and  particularly,  force  readiness. 
I challenge  you  to  rise  to  the  occasion. 

Thank  you. 
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The  objectives  which  we  are  striving  for  are  as  shown  on  this 
slide : 


Slide : Objectives 

o Advanced  Military  Technology  in  High  Payoff  Areas 

o Improve  Reliability,  Availability,  Maintainability  and 
Durability  of  Army  Materiel 

o Enhance  Effectiveness  of  Army  Personnel 

o Reduce  Costs  of  Military  Capabilities 

0 Conserve  Soldiers  Lives  in  Combat  Operations 

"Look  to  the  Future" 

1 don't  think  it's  necessary  to  explain  to  this  audience  that  the 
R&D  function  is  a highly  dynamic  and  constantly  changing  one.  I think 
most  of  us  (and  I hope  I'm  not  dating  myself  to  the  point  of  extinction 
relative  to  some  of  the  younger  people  in  the  audience)  can  remember 
the  advent  of  radar,  the  Atom  Bomb,  jet  aircraft,  and  the  laser.  I 
won't  go  all  the  way  back  to  radio  and  talking  movies.  The  revolution 
of  technology  is  as  familiar  to  us  as  the  air  we  breathe.  Only  recently 
the  Smithsonian  added  to  its  marvels  a complete  museum  on  air  and 

space  --  treating  these  wondrous  things  as  historical  artifacts  almost 
before  the  ink  is  dry.  The  reason  is  obvious:  If  we  stop  to  dally 
with  any  of  these  things  the  world  will  pass  us  by.  New  advancements 
are  being  examined  today  which  were  not  even  heard  of  when  Chuck  Yeager 
first  flew  faster  than  the  speed  of  sound  or  even  when  Neil  Armstrong 
first  stepped  foot  on  the  Moon. 

To  meet  General  Roger's  goals  the  Army  must  constantly  strive  to 
stay  abreast  of  these  advancements.  And  to  do  so  requires  a corres- 
ponding progress  in  our  management  techniques  and  systems.  They  must 
be  innovative,  coordinative , productive  --  and  futuristic.  I believe 
we  are  taking  positive  steps  in  this  direction. 

Let  me  illustrate  my  perception  of  the  problem  in  this  slide  and 
then  outline  my  philosophy  of  management  in  the  next  one: 

S 1 ide  : Managing  to  Achieve  S&T  Objectives 

o The  Army  in  Battle:  A Macro  System 

Communications,  Command  and  Control,  Mobility, 

Weapons  Delivery  and  Effectiveness 
A Totally  Integrated  Battlefield  Matrix 
Personnel  Responsiveness:  Care  and  Feeding, 

Medical,  Housing,  Comba.t  Environment 
Constraints,  Human  Engineering 
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Slide:  Philosophy  of  Management 


Establish  Responsibility 

Provide  Guidance:  Funding/Requirements 

Review  Output  of  Labs 

Determine  Relevancy  of  Overall  Program 
Make  Adjustments 

Put  another  way  I am  simply  stating  that  we  must  seek  always  to  be 
a part  of  the  solution  and  not  a part  of  the  problem. 

The  following  management  mechanisms  have  been  formulated  and 
implemented  in  this  coordination  of  the  users'  requirements  with 
laboratory  research  and  development  efforts: 

S I ide  : The  Systems  Management  Tools 

o Block  Funding 

Single  Project  Funding 
Single  Program  Element  Funding 
o Army  Science  and  Technology  Objectives  Guide  (STOG) 
o Management  Summary  Sheets  (MSS) 
o The  Advanced  Concepts  Team 

The  first  step  needed  was  to  provide  greater  responsibility  and 
latitude  to  deal  with  the  increased  sophistication  of  research  by 
delegating  authority  down  to  the  labs.  This  was  accomplished  by  block 
funding: 

Slide:  Block  Funding  (SPF/SPEF) 

o Lab  Director  has  Authority  - Responsibility 
Decentralization  of  Control 
o Objectives  Oriented  - STOG 
o Flexibility  to  Adjust  Funds/Programs 
o Latitude  to  Subcontract 

Under  the  SPEF  concept  the  laboratory  director  proposes  a set  of 
prioritized  tasks  and  indicates  what  he  expects  to  accomplish  during  the 
coming  year.  His  approved  program  is  then  "block  funded"  and  the 
director  is  held  responsible  for  the  performance  of  the  laboratory. 

The  laboratory  director  is  free  to  change  his  program  at  any  time  in 
order  to  take  advantage  of  technological  opportunities  which  arise. 

There  was  a "carrot  and  a stick"  mechanism  introduced  also,  in  that  the 
bvidget  for  each  laboratory  is  influenced  by  accomplishments  in  the 
previous  year's  program  and  the  content  of  the  proposed  program. 

Advanced  planning  for  SPEF  was  well  coordinated  with  the  members 
of  Congress  and  their  staffs  and  they  gave  t Ire  Army  their  full  support. 

The  move  to  delegate  authority  via  SPEF,  although  a most  important 
step,  was  only  one  of  a number  of  changes  that  were  made  to  improve  the 
R&D  process. 
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Clearly  the  lab  directors  were  happy  to  get  the  authority  that 
went  with  the  SPEF.  However,  with  the  authority  came  the  responsibility 
and  the  question,  "What  are  the  priority  requirements  my  laboratory 
should  address?"  The  answer  to  this  question  is  provided  by  the 
Training  and  Doctrine  Command  (TRADOC)  who  speaks  for  the  "user". 

Means  had  to  be  developed  to  bring  the  user  and  developer  together 
early  in  the  developmental  process.  We  had  to  get  the  user  to 
establish  his  needs  in  such  a way  that  the  laboratories  could  under- 
stand and  respond. 

The  vehicle  that  was  developed  to  identify  user  requirements  was 
the  Science  and  Technology  Objectives  Guide,  or  STOG.  This  was  a 
completely  new  document  which  was  implemented  to  establish  a priori- 
tized list  of  requirements  and  to  replace  five  other  earlier  require- 
ments documents.  It's  purpose  is  shown  here: 

S 1 ide  : Science  and  Technology  Guide:  Purpose 

To  Provide  Guidance  to  Army  In-House  Organizations, 

Private  Industry  and  University  Research  Centers 
Regarding  Army  Objectives  and  Priorities 
To  Assist  R&D  Managers  in  Evaluating  S&T  Relevance 
and  Return-on-Lnvestment 

The  STOG  is  broken  out  into  Capability  Categories  as  shown  here: 

S tide  : Capability  Categories  (CAPCAT) 

Each  major  Capability  Category  section  is  a listing,  in  priority 
order,  of  the  user's  needs  within  that  category.  For  example,  in  the 
Capability  Category  Other  Combat  Support  the  highest  priority  need  is 
"Rapid  Unplaced  Minefields"  with  specific  characteristics  such  as 
variable  time  activation,  remote  deactivation  and  firing  based  on  dis- 
crimination sensors.  The  next  priority  Science  and  Technology  Objec- 
tive (STO)  addresses  improved  equipment/techniques  for  detection  and 
neutralization  of  mine  fields.  And  going  further,  the  next  one 
describes  airdrop  system  requirements.  An  important  point  to  note  is 
that  these  STO's  are  clearly  "user",  rather  than  developer  oriented. 

Each  STO  lists  the  user  proponent  who  is  most  concerned  with  the 
objectives  delineated  as  well  as  the  laboratory  that  has  been  assigned 
the  primary  responsibility  to  see  that  the  STO  is  adequately  addressed. 

Each  Capability  Category  also  contains  a background  section,  a 
discussion  of  the  general  desired  capabilities  required  (e.g.,  Rapid 
Enhancement  of  Mobility  for  Friendly  Forces  and  a Counter  Mobility 
Capability  to  Impede  Enemy  Forces),  and  a concept  of  operations. 

The  purpose  of  the  concept  of  operations  portion  is  to  provide 
the  laboratory  director  with  the  "big  picture"  of  what  is  to  be  accom- 
plished. He  can  then  better  understand  the  prioritization  of  the 
STO's  which  provides  a basis  for  meaningful  and  innovative  management 
as  requirements  change  or  as  research  opportunities  become  evident. 
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The  dialogue  between  the  scientist  and  the  "user",  once  started, 
ran  very  smoothly.  The  first  draft  version  of  the  STOG  was  prepared 
in  the  Office  of  the  Director  of  Army  Research  but  it  was  based  on  a 
dragnet  of  requirements  that  has  been  established  in  one  form  or 
another  within  the  TRADOC  community.  It  only  needed  a start. 

The  second  iteration  of  the  STOG,  called  STOG-78,  was  published 
in  April  1977  and  has  been  actively  used  since  then.  Laboratory 
directors  have  used  it  to  redirect  their  programs  to  the  Army's  high 
priority  needs,  and  management  program  reviews  have  used  it  as  a basis 
to  judge  the  responsiveness  of  the  laboratory  programs  to  the  Army's 
needs.  Last  Spring  Joint  Laboratory  Program  Reviews  were  held  and  it 
is  noteworthy  that  the  TRADOC  representative  "as  a key  figure  at  all 
reviews.  He  was  able  to  compare  the  program  against  the  stated  needs 
that  he  represented.  This  had  significant  impact  on  program  planning 
for  the  future.  Further  improvements  and  refinements  for  the  STOG  are 
being  incorporated  with  the  next  edition  as  shown  here: 

Slide : STOG  in  the  Future 
o Objectives:  Timely,  Update  Annually 

o Oriented  on  Near  Term  as  well  as  well  as  Future  Requirements 
o Introduction  of  a Time  Element 
o Increased  Interface  with  Industry 

A caution  that  must  be  kept  in  mind  in  any  discussion  of  require- 
ments documents  related  to  a science  and  technology  base  program  is 
that  if  we  try  to  define  the  goals  for  the  entire  science  and  tech- 
nology program  we  would  be  making  a serious  mistake.  To  do  so  would 
prove  to  be  too  constraining  for  a meaningful,  productive  program. 

We  must  leave  room  for  innovation.  The  Army  is  sensitive  to  this 
concern.  To  quote  from  the  Executive  Summary  of  the  STOG:  "Nothing 
in  this  STOG  is  intended  to  depart  from  the  essential  SPF/SPEF 
management  concept  that  R&D  directors  must  determine  where  they  can 
make  the  most  significant  science  and  technology  contributions  to  the 
known  or  presently  unforeseeable  needs  of  the  Army." 

Approximately  70%  of  the  6.2  exploratory  development  programs 
should  be  in  response  to  STOG  objectives.  The  other  30%  or  so  repre- 
sents funds  that  are  available  for  the  laboratory  director  to  use  to 
pursue  technological  opportunities  as  they  arise.  Many  new  technologi- 
cal opportunities  can  be  foreseen  by  the  laboratories  as  the  SPEF  plans 
are  being  prepared,  and  can  be  included  in  the  plan.  When  opportuni- 
ties for  innovation  become  apparent  after  the  annual  plan  is  published, 
the  director  still  has  the  freedom  to  readjust  the  program.  At  the  end 
of  the  year  his  lab  is  judged  on  the  efficacy  of  the  overall  program. 

He  does  not  have  to  adhere  entirely  to  the  plan  he  laid  out  at  the 
beginning  of  the  year  but  can  make  meaningful  changes.  He  is  ol  course 
expected  to  address  the  highest  priority  needs  that  his  laboratory 
can  satisfy  wherever  feasible. 


To  review  the  output  of  the  labs  we  asked  them  to  provide  project 
information  in  the  form  of  a "crosswalk."  This  did  the  following: 


Slide:  SPEF  "Crosswalk" 

o Provides  Bridge  Between  Lab  Project  Reports  and 
Management  Summary  Sheets 

o Summarization  of  Effort  by  Objectives  Capability 
Category 

Given  the  STOG  and  given  the  laboratory  programs,  management  now 
has  the  requisite  information  to  evaluate  the  return  on  the  science 
and  technology  investment.  The  Army  compiled  this  information  in 
Management  Summary  Sheets  (MSS)  modeled  very  closely  after  an  approach 
utilized  by  the  Exxon  Research  Laboratories. 

The  MSS  are  discussed  here: 

Slide : Management  Summary  Sheets  (MSS) 

o Prepared  for  Major  Thrusts  in  Each  Subcategory 

o Backed  by  Data  Sheets  Enumerating  Applicable  Programs 

o Coordinates  STOG,  Spider  Charts  and  SPF/SPEF  X-Walks 

o Objectives  Oriented 

A sample  MSS  is  shown  on  this  slide: 

Slide : MSS  Sample 

These  sheets  are  intended  to  show  in  concise  form: 

1.  What  assumptions  are  required  in  the  sub-capability  category. 

2.  What  the  major  thrusts  of  the  program  are. 

3.  What  the  STOG  calls  £or  within  the  sub-capability  category. 

4.  What  pacing  problems  the  laboratories  see. 

5.  The  work  being  done  to  solve  each  pacing  problem. 

6.  The  laboratories  doing  the  work,  and 

7.  The  dollar  amount  being  spent  on  each  problem  area. 

By  preparing  these  MSS's  by  capability  category  rather  than  by 
laboratory  organization  the  Army's  total  program  in  a given  functional 
area  is  readily  identifiable. 

The  full  set  which  consists  of  45  MSS's  provides  an  excellent 
overview  of  that  portion  of  the  Army's  science  and  technology  program 
that  is  oriented  towards  solving  problems  stated  in  the  STOG.  It 
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turned  out  that  (notwithstanding  the  guidance  that  a reasonable  per- 
centage of  the  program  should  be  independent  of  STOG  requirements) 
over  90%  of  the  exploratory  development  program  submitted  was  corre- 
lated with  the  STOG. 


Careful  study  of  the  laboratory  inputs  showed  few  examples  where 
the  stated  correlation  with  the  STOG  was  unrealistic.  This  may  well 
indicate  that  too  much  of  the  current  6.2  program  is  closely  coupled 
to  readily  foreseeable  application.  This  is  a subject  for  further 
study. 

Research  Development  and  Acquisition  Committee  (RDAC) 

The  final  step  in  the  management  process  was  the  adjustment  of 
funds  based  on  the  information  presented  in  the  MSS's.  Balancing  and 
readjusting  R&D  and  procurement  funds  is  normally  carried  out  by  a 
group  known  as  the  Research  Development  and  Acquisition  Committee 
(RDAC).  This  committee  has  representation  from  the  R&D  and  operations 
communities,  from  TRADOC  who  represents  the  "user",  as  well  as  repre- 
sentation from  the  development  organizations. 

This  year  the  RDAC  added  a special  session  that  addressed  the 
science  and  technology  base  exclusively.  The  MSS's  provided  the 
visibility  and  understanding  of  the  program  content  that  enabled  the 
RDAC  group  to  make  funding  adjustments  within  the  6.1  and  6.2  programs. 

Another  innovation  which  was  introduced  and  which  has  proven  very 
successful  was  the  Advanced  Concepts  Team.  The  purpose  of  this  action 
was  to  provide  an  immediate  access  for  research  items  which  showed 
great  promise.  A few  points  regarding  the  ACT  are: 

S 1 ide  : Advanced  Concepts  Team 

o Funds  Innovative  Concepts  with  High  Near-Term  Potential 

o Serves  as  POC  for  Inquiries  from  the  R&D  Community 

o Scientific  Advisors  with  Long  Experience 

o Over  500  Proposals  Examined 

0 34  Programs  Recommended  for  Funding 

Summary : Success 

1 would  like  to  summarize  through  the  following  slide: 


S 1 ide  : Summary  of  Management  Concept 


Phi losophy 

Establish  Responsibility 
Provide  Guidance 
Review  Output  by  Labs 
Determine  Relevancy  of  Program 
Make  Adjustments 


Implementation 
Block  Fundi -.g 
STOG  Setr  Objectives 
SPEF  X-Walk  Catalogs  Work 
MSS  Provides  Overview 
Tech  Base  Pre-RDAC 
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The  Army  has  developed  techniques  which  have  provided  improvements 
in  the  management  of  its  science  and  technology  programs,  based  on  the 
premise  that  we  put  the  authority  and  responsibility  for  laboratory 
programs  with  the  laboratory  director,  where  they  belong. 

If  this  authority  is  truly  delegated  to  the  director  he  cannot 
then  be  told  how  to  run  his  programs.  This  does  not  mean  that  he 
cannot  be  helped  with  advice  on  what  the  Army's  needs  are. 

This  delegation  of  authority  cannot  be  considered  a blank  check 
without  the  responsibility  to  provide  the  Army  a return  on  its  invest- 
ment, either  from  an  individual  laboratory  or  from  a number  of  labora- 
tories working  in  concert.  By  compiling  the  major  program  thrusts  in 
a more  concise  format,  it  is  possible  to  determine  which  areas  are  not 
adequately  covered  and  therefore  where  additional  emphasis  is  needed. 

The  overall  program  is  very  complex,  of  course,  and  I have  greatly 
oversimplified  it  here  for  discussion  purposes.  We  also  have  a lot  of 
rough  edges  to  smooth  out  before  we  can  say  we  have  arrived.  But  we 
have  noted  some  significant  improvements  throughout  the  system. 

We  hope  to  continue  to  look  to  the  future  --  to  seek  to  identify 
problem  areas  and  technological  opportunities  well  in  advance  so  that 
we  can  provide  our  ground  combat  forces  with  the  finest  weapons  and 
equipment  possible.  It  is  a great  challenge  and  an  exciting  work. 

And  management  is  and  will  continue  to  be  a critically  important 
ingredient . 
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THE  NEXT  TEN  YEARS  IN  ARMY  OPERATIONS  RESEARCH 


by 

Daniel  F.  McDonald, 

Vice  President,  Technical  Programs 
The  BDM  Corporation 


Walt  Hollis  asked  me  to  speak  with  you  tonight  about  the  future  of 
operations  research  in  the  Army.  I have  been  at  CDF.C  for  six  years  help- 
ing the  Army  conduct  experiments  in  the  field.  Recently  I also  spent 
some  time  with  V Corps  in  Germany  and  this  put  me  in  contact  with  planners 
at  Corps  Headquarters  and  with  battalion  commanders  and  their  staffs  in 
their  casernes.  Walt  suggested  that  these  experiences  had  placed  me  in 
close  contact  with  the  Army,  both  experimenting  and  operating  in  the  field, 
and  this  would  give  me  a perspective  from  which  to  look  forward  to  the 
next  ten  years  of  operations  research. 

First,  let  me  congratulate  those  of  you  who  are  here  this  evening 
because  you  are  participating  in  the  development  of  a new  science,  opera- 
tions research.  Although  it  had  its  beginnings  some  35  years  ago  and 
has  made  spectacular  gains  during  that  time,  it  is  still  new,  still  strug- 
gling. There  are  still  some  basic  elements  to  be  put  in  place  before  it 
takes  its  place  beside  the  classical  fields  of  science.  But  this  is  the 
aspect  which  is  most  stimulating,  perhaps,  to  participate  in  the  develop- 
ment of  a new  science  and  to  look  forward  to  the  time  when  the  systematic 
methods  of  operations  research  which  you  are  helping  develop  will  begin 
to  have  as  profound  an  effect  upon  people's  lives  as  have  the  classical 
sciences  in  the  past. 

In  the  case  of  us  here  tonight  our  position  is  especially  advantageous 
because  Army  operations  research  has  been  leading  the  way  during  the  last 
35  years.  We  are  also  fortunate  because  at  the  senior  levels  of  Army 
management  the  need  for  our  services  is  clearly  perceived,  our  activities 
are  enthusiastically  supported,  and  our  solutions  to  problems  are  eagerly 
looked  for.  General  Kerwin  addressed  us  on  this  today.  In  his  departing 
speech  to  TRADOC  Commanders,  General  DePuy  emphasized  the  central  role 
that  analysis  plays  in  all  of  TRADOC  activities.  And  now,  succeeding  Gen- 
eral DePuy,  we  have  General  Donn  Starry  who  sees  OR  as  an  essential  part 
of  the  practice  of  the  military  profession,  not  only  in  TRADOC  activities, 
but  in  the  activities  of  the  field  commands.  So  we  have,  in  those  who 
are  charting  the  course  of  the  future  of  the  Army,  men  who  see  a contin- 
uing, essential  role  for  our  activities  in  operations  research. 

The  question  before  us  is:  How  can  we  best  respond  to  this  situa- 
tion? We  can  start  by  examining  the  current  status  of  our  activities  and, 
in  particular,  the  problems  which  confront  us  today,  and  find  in  those 
problems  the  opportunities  to  make  real  contributions,  perhaps  even  break- 
throughs, during  the  next  ten  years. 
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It  is  fair  to  say  that  much  of  the  operations  research — the  modeling 
and  analysis  activities — has,  during  the  last  15  years,  been  directed  to- 
ward the  materiel  acquisition  process.  This  was  the  area  where  there  was 
a clear  need  and  where  quick  gains  could  be  made.  The  OR  methodology, 
with  the  technology  boost  provided  by  the  parallel  advances  in  computer 
sciences,  developed  new  and  powerful  ways  to  conduct  weapon  system  ef- 
fectiveness analyses.  Remarkable  gains  have  been  made,  but  when  we  re- 
view the  models  that  these  OR  efforts  have  produced,  they  appear  to  be 
developed  almost  exclusively  for  their  roles  in  the  acquisition  process. 

But  beyond  that,  they  are  of  more  limited  use  to  planners  in  other  areas 
and  they  are  of  no  use  to  the  field  commanders  overseas  or  to  the  command- 
ers in  the  United  States  who  are  conducting  exercises  and  training.  Some- 
thing seems  amiss  here!  We  have  developed  sophisticated  methods  to  sup- 
port the  weapon  systems  selection  process.  Then  we  leave  the  commanders 
in  the  field  with  primitive,  if  any,  analytic  methods  to  help  him  employ 
these  weapons  effectively. 

Let  us  examine  some  of  the  characteristics  of  today's  combat  models 
which  prevent  their  use  in  a wider  range  of  applications.  It  should  be 
noted  that  these  characteristics  also  cause  difficulties  even  in  their 
specialized  roles  of  supporting  weapon  acquisitions. 

Combat  models  are  generally  opaque — the  users  cannot  observe  the 
way  in  which  variables  interact  within  the  models  to  represent  on-going 
combat  processes.  As  a result,  almost  everyone,  including  the  model  de- 
veloper at  times,  has  difficulty  in  using  them.  These  models  do  not  help 
in  gaining  insights  into  the  dynamics  of  the  combat  processes  which  they 
represent.  Users  are  looking  for  this  help  and  when  models  do  not  pro- 
vide it  the  users  never  develop  real  confidence  in  the  models  or  their 
output . 

Next,  models  typically  require  extensive  data  preparation  to  provide 
all  the  inputs  and  then,  perhaps,  extensive  debugging  before  record  runs 
are  made.  In  many  cases,  these  very  activities  of  assembling  the  data  to 
input  the  model  and  then  debugging  models  are  so  informative  in  themselves 
regarding  the  problem  at  hand  that  running  the  model  becomes  almost  unnec- 
cessary.  In  any  case,  the  non-specialist  does  not  have  the  time  or  re- 
sources needed  for  these  activities. 

The  net  effect  of  these  two  shortcomings  is  that,  if  anyone  ever  does, 
it  is  only  the  working- level  analyst  who  really  understands  the  model. 
Others  are  asked  to  take  the  results  on  "faith".  Unfortunately,  these 
"others"  are  often  the  higher-level  decision-makers  and  military  command- 
ers whose  weapon  acquisition,  force  structuring,  and  weapon  employment 
activities  are  being  supported.  These  are  often,  indeed,  men  of  little 
faith. 

We  may  wish  to  regard  these  shortcomings  as  problems  for  the  user 
rather  than  for  the  operations  researcher.  I propose  that  we  must  be  much 
more  user-oriented,  and  that  a great  deal  of  future  strenuous  effort  must 
be  directed  toward  making  models  user-oriented. 
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We  should  get  on  with  these  problems,  and,  in  fact,  there  are  pros- 
pects for  real  progress  in  the  future.  Already  we  are  seeing  breakthroughs 
in  the  development  of  techniques  to  expose  the  interiors  of  models  and  to 
allow  direct  examination  of  the  on-going  combat  processes  represented  in 
them.  TRASANA  and  the  Combined  Arms  Combat  Developments  Activity  at  Fort 
Leavenworth  have  major  programs  in  the  development  of  interactive  graphic 
techniques  as  key  parts  of  their  model  improvement  programs.  These  tech- 
niques are  the  light  at  the  end  of  the  tunnel  and  they  offer  the  real 
possibility  for  building  transparency  into  models. 

If  we  look  only  at  the  techniques  now  being  used,  it  may  appear  that 
the  hardware  facilities  and  the  methods  will  limit  this  approach  to  only 
a few  major  installations  and  will  not  be  broadly  useful.  This  is  a short- 
sighted view.  Today's  activities  may,  indeed,  serve  principally  to  demon- 
strate the  great  power  of  interactive  graphics  in  accessing  the  interiors 
of  models.  Then  many  of  you  here  will  take  up  this  lead,  and,  taking  ad- 
vantage of  the  rapid  progress  being  made  in  computer  hardware  and  software, 
develop  the  inexpensive  methods  needed  to  make  interactive  graphic  tech- 
niques features  available  to  all  future  users  of  models.  This  will  take 
strenuous  effort,  but  it  represents  a great  opportunity  lying  ahead. 

Next,  I believe  we  can  address  also  the  problems  of  too  much  data 
preparation,  too  much  debugging,  and  too  much  complexity  which  prevent 
today's  models  from  being  of  direct  use  to  many  potential  users,  particu- 
larly tactical  commanders  and  higher-level  planners.  It  might  be  easy  to 
say  that  these  features  of  models  are  necessary  if  the  combat  processes 
are  to  be  validly  represented — to  say  that  users  must  cope  with  these  dif- 
ficulties if  they  want  our  products.  I recommend  that  we  become  strongly 
empathetic  with  the  user  and  accept  his  seemingly  conflicting  require- 
ments for  simplicity  and  validity  as  a challenge  to  develop  new  classes 
of  simplified  models.  Dave  Hardison  can  tell  you  about  a model  he  has 
developed  for  his  HP  Calculator,  one  for  tank  warfare  which  includes  sta- 
tistical terrain.  Marion  Bryson  also  talks  about  ways  in  which  he  can 
take  the  output  data  either  of  field  experiments  or  of  complex  models  and 
develop  simple,  time-stepped  and  rate-based  analytical  approaches  to  mo- 
deling combat  processes.  These  are  only  some  examples,  and  there  are 
other  and,  perhaps,  better  ways  for  you  to  discover  and  develop  simple 
and  effective  OR  tools  for  our  non-OR  friends.  These  could  be  the  media 
by  which  we  bridge  the  communications  gap  which  now  prevents  the  OR  an- 
alysts from  working  effectively  with  a much  larger  community  of  potential 
users. 

The  limitations  of  models  which  we  have  just  discussed  are  really 
matters  of  methodology  and  technique  and,  as  the  discussion  indicated,  I 
think  we  can  look  for  real  progress  in  these  areas  in  the  next  ten  years. 
There  is  another  and  more  fundamental  limitation  in  models  which  confronts 
us  and  which  is  more  than  a matter  of  improving  methodology  or  techniques. 
Our  combat  models  do  not  simulate  many  important  aspects  of  combat  ac- 
tivities well!  All  of  you  have  examples.  A very  common  failing  of  com- 
bat models  is  that  the  combat  processes  in  them  occur  at  rates  much  greater 
than  those  of  combat  itself.  For  example,  the  rate  at  which  losses  occur 
on  both  sides  in  armor/anti-armor  simulations  are  often  much  higher  than 
are  encountered  in  real  combat  situations.  Another,  and  related,  example 
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is  the  ratio  of  ammunition  expended  to  targets  killed  in  armor  warfare. 

In  models  this  number  is  derived  from  representation  of  target  detection 
and  selection,  weapon  system  firing  rate,  F^s,  and  other  details  of 
engagements.  However  this  is  done  in  models,  the  totals  for  ammunition 
expended  per  target  kill  are  much  less  than  those  observed  in  actual  com- 
bat. For  example,  recent  experience  in  the  Middle  East  indicates  that  it 
is  realistic  to  expect  to  fire  40  rounds  of  APDS  per  threat  tank  kill. 

Yet,  I believe  this  is  a number  which  we  don't  typically  reproduce  in  our 
models . 

These  difficulties  are  part  of  a general  problem  we  have  in  what  can 
be  called  the  "bottom-up"  development  of  a combat  situation.  By  "bottom- 
up"  I mean  that  the  representation  of  combat  is  developed  by  representing 
combat  activities  at  the  lowest  level  of  detail  and  developing  the  logi- 
cal structure  whicii  assembles  these  details  into  a total  combat  process. 
Thi‘  a“u'seful  approach  for  many  applications  but  it  has  often  led  to 
the  id  of  distortions  of  important  aspects  of  combat  which  I have  just 
mentioned . 

The  difficulty  of  simulating  the  combat  process  from  the  bottom  up 
is  not  at  all  surprising.  There  are  similar  difficulties  in  simulating 
non-combat  operations  in  the  same  way.  Cost  modeling  is  an  example. 

When  cost  modelers  have  tried  to  develop  a model  of  total  weapon  system 
production  costs,  for  example,  by  starting  at  the  lowest  level  of  detail, 
the  total  costs  predicted  have  been  far  below  actual  costs.  In  other 
words,  we  cannot  account  for  the  nail,  the  board,  the  hammer,  the  carpen- 
ter, etc.,  and  then  simulate  the  way  these  combine  to  yield  total  cost 
in  a manner  which  is  at  all  accurate.  Yet  there  is  a much  greater  oppor- 
tunity to  get  data  for  these  details  and  operations  than  there  is  for 
combat  operations.  Our  problem  in  modeling  combat  processes  is,  there- 
fore, not  surprising. 

There  is  then  an  enormous  challenge,  not  only  to  the  military  opera- 
tions research  analyst,  but  to  the  operations  research  analyst  in  general. 
This  is  the  challenge  to  develop  the  methods  by  which  we  can  analyze  op- 
erations at  the  lowest,  simplest  level  of  detail  and  then  assemble  these 
in  simulations  which  represent  the  total  operations  involved. 

How  can  we  approach  this  problem?  The  path  all  the  way  to  the  final 
solution  certainly  is  not  clear,  but  I can  make  ’■ecommendations  regarding 
the  direction  which  1 think  our  future  efforts  in  combat  simulation  should 
take.  First,  the  problem  is  not  really  a methodology  problem.  It  is  not 
likely  to  be  solved  by  intensifying  our  efforts  in  the  developments  of 
methodologies  and  techniques  along  the  lines  we're  pursuing  today.  Such 
approaches  will  solve  the  problems  of  model  transparency  and  simplifica- 
tion, as  we  have  said,  but  I do  not  believe  they  will  get  at  the  more 
fundamental  problem  of  realism  in  simulating  the  total  combat  process. 

I have  already  suggested  that  the  operations  researcher  has  limited 
his  activitv  too  much  to  supporting  weapon  system  acquisitions  and  that 
he  should  broaden  his  constituency  to  include  many  others.  Now  I've  sug- 
gested that  we  do  not  know  enough  about  combat  processes  to  simulate  them 
well.  A general  recommendation,  which  addresses  both  problems,  therefore. 
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is  for  us  to  got  to  know  the  Army  and  the  way  it  operates  much  better  than 
we  do  today.  Two  specific  recommendations  are:  first,  increase  our  in- 
terest in  and  attention  to  field  testing — design,  execution,  and  test 
results — and  second,  make  a vigorous  effort  to  develop  ways  in  which  wo 
can  help  tactical  commanders  in  planning  their  operational  activities  and 
in  developing  ways  to  train  their  troops  the  way  they  fight . 

if  you  pursue  these  recommendations,  you  will  move  toward  a much 
better  understanding  of  Army  operations  in  the  field.  1 mentioned  in  (lie 
introduction  that  Walt  Hollis  suggested  that  my  experience  at  CDKt'  and  in 
V Corps  would  give  me  some  perspective  from  which  to  view  the  next  ten 
years  in  operations  research.  This  is  that  perspective,  that  we  must  got 
to  know  the  Army  as  it  operates  in  the  fi*  Id,  in  all  respects,  much  better 
than  we  do  today  if  we  are  to  develop  the  real  understanding  of  combat 
activities  we  need. 

The  Army  in  the  field  in  tactical  operations,  training,  and  field 
testing  wants  our  support.  CDKC  experimentation  has  demonstrated  how 
two-sided  testing  can  give  us  an  understanding  of  combat  processes.  Mll.KS 
is  coming  down  the  pike  and  we  can  look  forward  to  two-sided  training. 

The  Army  needs  our  help  to  exploit  these  advances  and  develop  wavs  to  do 
realistic  training  and  more,  better,  and  less  expensive  field  testing. 

And  we  can  learn  from  it  as  we  go  those  things  wo  need  t o know  to  make 
better  models. 

You  cannot  do  this  at  your  desk,  you  cannot  "wait  for  the  report". 

You  must  visit  the  test  operations  to  see  how  the  data  are  collected  and 
to  understand  bow  the  Armv  operates  in  the  field.  I assure  you  that,  if 
you  spend  more  than  a few  days  doing  this,  the  experience  will  Immediately 
provoke  meaningful  questions  like:  "Why  is  that  platoon  of  tanks  stopped?" 
and  "Why  didn't  the  Dragon  team  fire  even  once  during  the  whole  trial?" 

And  if  you  get  out  and  help  the  Army  learn  to  train  as  it  lights  with 
Mll.KS  you  will  get  similar  insights  into  the  operation  of  t he  Armv  in  t lie 
f ie  Id . 

In  summary,  I can  say  that  there  is  a future  full  of  challenges  and 
opportunities.  1 think  we  can  best  meet  them  by  broadening  our  constitu- 
ency within  the  Army,  by  becoming  more  user-oriented,  and  bv  spending  at 
least  as  much  time  In  learning  how  the  Army  operates  as  we  do  in  trying 
to  model  those  operations. 
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I.  Introduction. 

Affordability  is  the  determination  of  whether  a requirement/proposal 
can  be  satisfied  with  available  resources.  The  Army,  with  its  growing 
materiel  acquisition  program  of  $7-10  billion  per  year  is  continually 
faced  with  evaluating  the  affordability  of  its  broad  scale  modernization 
program. 

Affordability  exists  when  requirements  exceed  the  available  resources. 
The  affordability  problem  can  be  addressed  only  by  a systematic  resource 
allocation/real  location  process.  Within  DOD's  Planning,  Programing  and 
Budgeting  System  (PPBS) , resource  allocation  is  termed  programing. 

There  are  four  types,  or  perhaps  a better  description  is  facets,  of 
materiel  acquisition  affordability.  Type  "A"  is  total  program  afforda- 
bility which  is  addressed  each  year  during  the  development  of  the  materiel 
acquisition  program.  The  total  Research,  Development,  Test  and  Evaluation 
(RDTE)  requirement  is  to  develop  a modernized  war fighting  capability  or 
provide  new  capabilities  as  rapidly  as  possible.  During  program  develop- 
ment, the  RDTE  requirement  is  costed  by  fiscal  year.  The  total  procure- 
ment requirement  is  to  buy  these  modernization/new  capabilities,  along 
with  other  items  needed  to  sustain  our  Army  as  rapidly  as  possible.  This 
requirement  is  defined  in  terms  of  both  dollars  and  quantity  by  fiscal 
year.  Resources,  termed  Total  Obligational  Authority  (TOA) , are  also 
quantifiable.  Office  of  Management  and  Budget  (0MB)  provides  the  Defense 
TOA  to  Office  of  the  Secretary  of  Defense  (OSD).  OSD  allocates  TOA  to 
each  of  the  Services.  Office  of  the  Chief  of  Staff,  US  Army  (OCSA) 
determines  the  amount  of  Army  TOA  to  be  allocated  to  the  investment 
accounts  (RDTE  and  procurement).  Since  the  total  requirement  always 
exceeds  the  available  resources  (TOA),  we  have  a continuing  materiel 
acquisition  affordability  problem. 

Type  "B"  - materiel  acquisition  "probable"  program  affordability. 

This  type  affordability  consists  of  a series  of  "what  if"  analyses  to 
determine  the  potential  impact  of  probable  future  OSD/Congressional  cuts 
to  the  TOA  allocated  for  programing  the  RDTE  and  procurement  appropria- 
tions. Analyses  have  been  made  to  determine  the  answer  to  the  question, 
"What  would  be  the  impact  on  the  Army's  materiel  acquisition  program  if 
we  received,  in  fiscal  years  w,  x,  y and  z,  a reduced  level  of  funding?" 
Analyses  have  provided  insight  into  what  the  program  may  look  like  after 
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it  has  been  subjected  to  program  and  budget  cuts.  The  analyst  in  this 
case  must  attempt  to  predict,  based  on  historical  data,  a most  likely 
budget  TOA.  The  analyst  then  develops  program  adjustments  based  on 
terminations  and  delays  in  order  to  keep  the  annual  costs  within  this 
likely  budget  TOA.  These  "what  if"  exercises  have  served  as  a sensi- 
tivity analysis  to  indicate  what  major  and  minor  programs  would  be 
impac  ted . 

Type  "C"  - ASARC  affordability.  There  are,  in  fact,  two  types  of 
ASARC  affordability  — the  normal  ASARC  affordability  and  an  alternate 
ASARC  affordability.  Normal  ASARC  affordability  assesses  the  impact  of 
program  tradeoffs  for  presentation  to  the  decision  maker.  The  tradeoffs 
are  made  from  the  investment  accounts.  Once  requirements  have  been  pro- 
gramed in  the  POM  or  FYDP,  a new  requirement/proposal  can  only  be  accom- 
modated by  making  tradeoffs  from  within  the  current  program.  In  this 
situation  the  tradeoffs  are  clearly  defined  for  the  decision  maker.  At 
most  ASARCs  the  decision  maker  is  presented  with  funding  profiles  for 
each  of  several  acquisition  alternatives.  Some  ASARC  alternatives 
require  a funding  profile  which  exceeds  that  which  is  currently  pro- 
gramed, requiring  the  identification  of  tradeoffs  in  order  to  remain 
within  the  TOA.  Since  the  Deputy  Chief  of  Staff  for  Research,  Develop- 
ment and  Acquisition  (DCSRDA)  is  the  staff  officer  charged  with  bringing 
the  ASARC  affordability  problem  to  the  decision  maker,  he  is  normally 
expected  to  define  tradeoffs  from  his  appropriations  (RDTF.  and  procure- 
ment). The  affordability  decision  then  becomes  one  of  weighing  the 
impact  of  the  tradeoffs  on  the  total  program. 

Type  "C"  Alternate  - alternate  ASARC  affordability.  It  is  possible 
to  make  tradeoffs  from  appropriations  other  than  RDTE  and  procurement. 

To  date,  however,  tradeoffs  of  this  nature  have  not  been  accomplished. 

The  Army,  seeking  to  maintain  a force  structure  of  24  divisions,  has 
opted  not  to  tradeoff  manpower/ force  structure  for  a new  weapon  system. 

Due  to  the  complexity  of  the  Operations  and  Maintenance,  Army  (OMA) 
appropriation,  a tradeoff,  for  example,  closing  Fort  Swampy  in  order  to 
fund  a new  weapon  system  has  not  been  attempted. 

Type  "D"  - life  cycle  affordability.  This  type  attempts  to  analyze 
the  Army’s  ability  to  acquire,  operate  and  support  a new  system  over  the 
life  cycle  of  that  system.  This  type  of  affordability  is  to  be  addressed 
by  OCSA. 

To  attempt  to  adequately  address  any  one  of  these  four  types/ "facets" 
of  materiel  acquisition  affordability  requires  a separate  paper.  This 
paper  will  therefore  address  Type  "A"  only. 

II.  The  Requirement. 

The  total  procurement  requirement  is  based  on  a complex  series  of 
decisions  as  to  how  the  Army  will  accomplish  its  mission. 
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THE  REQUIREMENT 
BASIS  FOR  THE  REQUIREMENT 


For  example,  at  the  outset,  the  threat  provides  the  basis  for  warfighting 
scenarios.  These  scenarios,  when  approved  by  OSD,  govern  the  Allied  and 
US  force  structures.  Analysis  of  the  warfighting  capability  of  Allied 
forces  within  the  scenario  time  period  determines  the  planning  guidance 
which  drives  programing  guidance  expressed  in  terms  of  POM  goals/objec- 
tives. POM  objectives  serve  as  the  basis  for  calculating  the  total 
requirement. 

POM  goals/objectives  are  two  fold.  General  goals  and  objectives 
are  those  such  as  determining  an  appropriate  balance  between  RDTE  and 
procurement  or  between  force  modernization  and  other  requirements  (force 
shortages)  in  non-modernization  items.  Other  POM  goals  and  objectives 
are  of  a specific  nature  such  as  the  sustainability  objective.  This 
objective  defines  the  need  to  procure  equipment  and  ammunition,  for 
example,  to  support  the  D-Day  force  of  XX  divisions  for  XX  days  of 
sustained  combat. 
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THE  REQUIREMENT 
ARMY  ACQUISITION  OBJECTIVE 
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The  procurement  requirement  is  comprised  of  the  initial  issue  quan- 
tity for  each  item  in  the  force  structure,  the  associated  maintenance 
float  requirement  for  that  item,  operational  requirements  and  special 
contingency  requirements  for  that  item  and  finally  the  war  reserve  stock- 
age.  The  requirement  is  defined  as  the  Army  Acquisition  Objective  (AAO) . 
The  many  parameters  of  the  AAO,  which  are  continually  updated,  lend 
themselves  to  various  stratifications  which  assist  in  program  development 

Each  year  growth  occurs  in  the  AAO.  The  growth  is  a function  of 
numerous  factors.  For  example,  the  Mideast  war  has  shown  us  that  our 
ammunition  expenditure  rate  estimates  were  too  low.  The  same  analysis 
indicated  that  the  War  Time  Replacement  Factor  (WARF)  for  hardware  items 
needed  to  be  increased.  Force  structure  decisions,  such  as  the  conver- 
sion of  infantry  divisions  to  mechanized,  cause  growth  in  the  AAO. 
Deployment  schedules,  which  effect  earlier  deployment  of  divisions  to 
the  theater,  cause  an  increase  in  the  AAO.  And  lastly,  as  modernization 
items  mature  in  R&D  and  enter  production,  significant  increases  in  the 
AAO  are  effected. 

III.  Resources. 

The  classical  definition  of  resources  — men,  money,  materiel  and 
time  is  appropriate  to  the  affordability  problem.  The  principle  con- 
straint and  the  one  which  is  the  primary  cause  of  the  affordability 
problem  is  money.  We  are  continually  allocated  less  TOA  than  needed  to 
satisfy  the  requirement.  Resources,  i.e.,  dollars  by  fiscal  year,  are 
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allocated  during  each  PPBS  cycle  by  OMB/OSD/OCSA.  As  previously  stated, 
each  year  the  Army  allocates  dollar  resources  to  attempt  to  satisfy  the 
total  procurement  requirement.  This  allocation,  covering  five  years,  is 
called  the  Five  Year  Defense  Plan  (FYDP).  The  May  FYDP  is  called  the 
Program  Objective  Memorandum  (POM).  Additionally,  the  Army  projects 
dollar  resources  in  the  annual  ten  year  extension  to  the  POM  called  the 
Extended  Planning  Annex  (EPA).  In  preparing  the  EPA,  materiel  systems 
are  programed  in  detail  for  fifteen  years.  Other  appropriations  are 
programed  in  most  instances  as  a "wedge" 


THE  RESOURCES 
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The  dollar  resources  allocated  to  the  Army  each  year  are  continually 
constrained.  In  peace  time,  DOD  gets  approximately  one  fourth  of  the 
federal  budget.  Currently  the  Army  is  allocated  approximately  one  fourth 
of  the  DOD  budget. 

These  projected  dollar  resources  (TOA)  are  of  questionable  validity, 
however,  as  a programing  tool.  In  light  of  a long  history  of  continual 
OSD  and  Congressional  cuts  to  the  Army's  RDTE  and  procurement  programs 
each  year,  one  is  lead  to  question  whether  the  current  TOA  is  realistic. 
The  oatyear  TOA  currently  programed  will,  in  all  likelihood,  not  be 
realized  when  the  dollar  resources  are  actually  appropriated  as  a budget 
TOA. 
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THE  RESOURCE  CONSTRAINT 
UNREALISTIC  TOA'S 


OSD  CUTS  - 5-15% 


TIME 

CONGRESSIONAL  CUTS  - 5-10% 


IV.  The  Affordability  Problem. 

Affordability  discussed  herein  is  the  Type  "A"  affordability 
problem. 

The  affordability  problem  is,  to  most,  synonymous  with  the  mate- 
riel acquisition  "bow  wave".  The  "wave"  of  requirements  is  analogous 
to  the  wave  which  precedes  a ship  through  the  water.  The  "bow  wave", 
a plot  of  Army  modernization  items  over  time,  has  been  charted  through 
the  POM  and  into  the  EPA  period.  The  modernization  requirements  build 
up  dramatically  in  the  coming  years. 
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THE  MATERIEL  ACQUISITION  “BOW  WAVE" 


t 


Some  perceive  that  the  magnitude  of  the  requirement,  and  therefore 
the  "bow  wave",  is  critical  in  some  particular  future  year  or  period. 

The  "bow  wave"  does  in  fact,  peak  in  the  early  EPA  period  at  approxi- 
mately 50%  of  the  currently  programed  procurement  TOA.  Over  the  past 
few  years,  this  peak  has  varied  from  48  to  53%.  In  perspective,  this 
variance  is  not  statistically  significant.  Discussions  of  when  the 
"bow  wave"  peaks  are  academic,  since  we  cannot  afford  our  requirements 
now  or  in  any  future  year. 

There  are  solutions  to  the  affordability  problem;  the  most  obvious 
of  which  is  to  obtain  more  TOA.  This  is,  of  course,  easier  said  than 
done.  The  Army  must  convince  the  highest  level  decision  makers  that  a 
sharp  increase  in  Army  procurement  TOA  is  essential.  The  Army's  mate- 
riel acquisition  program  attempts  to  equip  a modernized  fighting  force 
as  part  of  the  NATO  shield.  As  defense  decision  makers  effect  a change 
in  the  emphasis  of  defense  strategy  to  focus  on  NATO,  concomitant  change 
in  dollar  resource  allocation  within  OSD  should  occur.  The  Army's  case 
to  justify  the  reallocation  of  defense  dollar  resources  must  be  solid, 
convincing  and,  preferably,  analytically  based. 

A second  course  of  action  is  to  acquire  less  systems  "more"  opti- 
mally (realizing  this  is  a redundancy  in  terms).  In  pursuing  this  course 
of  action,  the  Army  has  attempted  to  kill,  or  more  logically,  not  start 
major  systems.  This  course  of  action  is  risky. 
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The  Army’s  mission,  in  response  to  OSD  guidance,  demands  that  we  be 
able  to  fight: 

• Numerically  superior  forces; 

• Now  (readiness/sustainability)  and  later  (modernization''; 

• In  a short  war  (win  the  first  battle)  and  in  a long  war 
(sustained  combat); 

• Nuclear  and  conventional; 

• In  Europe  and  anywhere  else. 

Yet  we  must  be  able  to  operate  a peace  time  Army.  The  Army  attempts  to 
accomplish  all  missions  well. 

To  accomplish  the  Army's  demanding  missions  and  fill  serious  battle- 
field capability  gaps,  the  combat  developers  continually  apply  pressure 
to  continue  the  acquisition  of  current  systems  and  start  the  development 
of  new  systems. 

The  continued  threat,  lethality  of  the  battlefield  and  the  ability 
to  close  a battlefield  capability  gap  with  available  technology  extenuate 
any  effort  to  kill  or  delay  the  start  of  a major  system.  It  is  therefore 
easy  to  make  the  decision  to  take  "salami-slice"  cuts  to  a large  number 
of  on-going,  lower  priority  programs  in  order  to  afford  a new  system  or 
the  cost  growth  on  an  on-going  system. 

The  final  course  of  action  is  to  acquire  all  systems  "less"  opti- 
mally. This  has  lead  to  attempts  to  develop  a procurement  "strategy". 

One  "strategy"  option  is  to  stress  and  therefore  place  priority  on  the 
procurement  of  readiness/sustainability  items.  A second  "strategy" 
option  is  to  place  priority  on  the  procurement  of  modernization  items. 

The  final  option  is  to  develop  a procurement  program  which  balances 
modernization  with  readiness  and  sustainability.  Army  force  planners 
are  faced  with  numerous,  inter-related  planning  uncertainties,  such  as 
those  described  above.  In  attempting  to  minimize  all  risks,  the  planner 
presents  the  programer  with  numerous  additional  programing  constraints. 
This  minimization  of  the  planning  risk  forces  the  selection  of  the 
strategy  option  which  develops  a balanced  procurement  program. 

The  terms  "more"  and  "less"  optimally  bring  up  the  question  of  just 
what  is  the  optimum  procurement  program,  given  the  TOA  constraint,  the 
constraint  that  we  must  continue  all  acquisitions  and  the  numerous  con- 
straints placed  on  us  by  the  force  planner.  In  ORSA  terms,  what  is  the 
objective  function?  What  is  it  that  we  are  trying  to  maximize  with  our 
procurement  program?  Is  it  force  effectiveness?  If  so,  how  do  we  tie 
force  effectiveness  to  our  procurement  program?  What  are  the  measures 
of  force  effectiveness? 


Given  the  numerous  constraints  described  above,  how  can  the  Army 
develop  an  optimum  procurement  program?  As  mentioned  at  the  outset  of 
this  paper,  the  affordability  problem  can  only  be  addressed  by  resource 
allocation,  i.e.,  programing.  Programing  (resource  allocation)  models 
for  materiel  acquisition  exist  albeit  in  various  stages  of  development. 

The  Vector  Research  model,  for  example,  a proposed  mathematical  model 
to  optimize  the  Army's  procurement  program,  has  been  submitted  to  the 
Army.  ADRA  II  (Army  Dollar  Resource  Allocation),  being  developed  by 
the  Concepts  Analysis  Agency,  is  to  provide  a methodology  for  determin- 
ing the  impact  of  potential  programing  actions.  ADRA  II,  which  addresses 
all  Army  appropriations,  is  scheduled  to  be  completed  in  March  1978. 

These  models  are  being  evaluated  for  potential  use  in  materiel  acquisi- 
tion programing. 

Resource  allocation,  a principal  management  function,  requires  the 
skillful  use  of  the  best  available  management  tools.  Resource  allocation 
tools  are  used  to  assist  in  the  development  of  the  materiel  acquisition 
program.  The  Army  has  developed  a materiel  acquisition  program  structure 
called  capability  categories  (CAPCATs).  Every  RDTE  project  and  procure- 
ment item  is  coded  in  a data  base.  The  CAPCAT  structure  is  used  at  the 
Research,  Development  and  Acquisition  Committee  (RDAC)  meetings  to  de- 
velop an  integrated,  balanced  materiel  acquisition  program.  The  structure 
is  used  by  TRADOC  to  assist  in  determining  relative  priorities  and  by 
DARCOM  Battlefield  Integration  Systems  (BSI)  Office  for  program  analysis. 
Finally,  CAPCATs  are  used  to  brief  the  Army  materiel  acquisition  program 
in  order  to  "sell"  our  basic  case  and  to  justify  the  need  for  additional 
TOA. 


The  Army  has  established  materiel  acquisition  program  priorities. 
Every  RDTE  project  and  procurement  item  is  coded  with  a DCSOPS  and 
TRADOC  priority.  Additionally,  procurement  items  are  coded  with  a 
force  planning  level  priority  established  by  OCSA.  These  priorities 
are  displayed  on  programing  documentation  and  assist  in  materiel  acqui- 
sition decision  making. 

Numerous  programing  aids  have  evolved,  the  most  recent  of  which  is 
computer  graphics.  The  RDTE  and  procurement  data  bases  are  on-line  during 
all  RDAC  meetings.  Graphic  displays  which  indicate  the  results  of  multi- 
ple program  decisions,  aid  the  materiel  acquisition  decision  maker. 

Unfortunately,  strong  biases  exist.  Decision  makers  at  all  levels 
from  the  program  manager's  office  on  up  to  Congress  have  biases  which 
are  in  most  cases  not  analytically  based  but  which  have  enormous  influ- 
ence on  materiel  acquisition  programing  decisions. 

V.  Summary. 

The  affordability  problem  is  complex.  This  paper  has  described  four 
types  or  facets  of  materiel  acquisition  affordability  and  addressed  one 
type.  The  Type  "A"  problem  is  real  and  faces  us  now. 


There  are  solutions  to  the  Type  "A"  affordability  problem.  The 
problem  is,  however,  enormously  constrained.  In  the  face  of  these  numer- 
ous, complex,  interactive  and  frequently  unquantif iable  constraints,  the 
programer's  challenge  is  to  attempt  to  optimize  the  Army's  materiel 
acquisition  program. 
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ABSTRACT . In  field  experiments,  such  as  are  conducted 
at  CDEC , and  in  large  computer  simulations  the  outcome  of 
the  simulated  battle  is  recorded  by  evaluating  each  of  several 
measures.  Examples  of  such  measures  are:  friendly  casualties, 
enemy  casualties,  targets  detected,  and  integrity  of  attacker 
formations.  This  paper  discusses  a procedure  for  dividing 
the  battle  into  a sequence  of  short  battle  segments.  Measures 
of  each  segment  are  assessed.  A simple  model  is  used  to 
aggregate  the  measures  over  the  entire  battle.  The  outcome 
of  this  aggregated  battle  is  a much  improved  estimate  of  the 
mean  battle  result. 


1.  INTRODUCTION.  In  the  generation  of  data  in  simulated 
battles,  there  are  often  too  few  replications  of  any  given 
situation  to  assure  stability  of  the  results.  This  paper 
suggests  a method  of  using  the  results  of  all  trials  to  stabi- 
lize the  estimates  of  some  of  the  key  measures  of  effective- 
ness. A realistic  example  of  a field  experiment  is  used  as 
the  vehicle  for  presenting  the  details  of  the  method.  Although 
the  field  experiment  will  be  used  for  the  discussion,  the 
method  is  equally  applicable  to  war  games,  both  manual  and 
computer  assisted,  and  to  stochastic  computer  models. 


2.  TEMAWS:  A FIELD  EXPERIMENT.  During  the  Fall  of  1976, 
USACDEC  conducted  a field  experiment  entitled  Tactical  Effec- 
tiveness of  Minefields  in  the  Antiarmor  Weapons  System  (TEMAWS). 
A detailed  discussion  of  the  experiment  is  contained  in  the 
reference  report.  The  TEMAWS  experiment  consisted  of  simulated 
battles  waged  between  two  forces;  the  blue  force  on  defense 
using  antiarmor  weapons  including  scatterable  mines,  and  the 
red  force  on  the  attack  consisting  of  attacking  tanks  with 
antiarmor  weapons  in  support.  These  battles  were  played  by 
typical  soldiers  operating  the  actual  systems  in  typical  ter- 
rain at  Fort  Hunter  Liggett,  California.  Using  accepted 
tactics,  the  players  engaged  in  armor  combat,  performing  all 
typical  combat  functions  of  maneuver,  target  acquisition, 
firing,  command  and  control,  etc.  The  only  planned  differ- 
ences between  a TEMAWS  trial  and  actual  combat  were 
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C.  When  a firing  took  place,  a launch  simulation  cue 
was  produced  along  with  an  eye  safe  laser  team  instead  of  a 
projectile  or  missile. 

D.  Casualties  were  assessed  in  real  time  by  a computer 
using  accepted  probabilities  of  kill  for  the  given  engagement 
situation . 

E.  The  mines  did  not  detonate.  When  encountered,  they 
sent  a message  to  the  computer. 

In  the  portion  of  TEMAWS  analyzed  by  the  time  step  model 
the  only  two  controlled  variables  'used  were: 

A.  T minefield  densities  (0  to  .01  mine/square  meter). 

B.  3 mine  detectibilities  (about  .9  to  about  .3). 

In  each  trial  of  TEMAWS  there  were  five  defensive  weapons 
in  addition  to  a scatterable  minefield.  They  were  two  TOW 
weapons  placed  2000  to  3000  meters  from  the  minefield,  two 
DRAGON  weapons  placed  500  to  1000  meters  from  the  minefield 
and  one  M-60  tank  placed  about  1500  meters  from  the  minefield. 
The  red  force  on  the  attack  consisted  of  from  12  to  15  T-62 
tanks,  two  BMP's,  one  BRDM  with  SAGGER  and  indirect  fire  sup- 
port. During  a trial  the  threat  antitank  weapons  assumed 
overwatch  positions  on  high  ground.  Their  function  was  to 
detect  and  engage  the  blue  antiarmor  weapons.  The  red  tank 
force  then  attacked  along  a designated  route.  By  design,  the 
attack  route  went  through  the  preemplaced  scatterable  mine- 
field, so  positioned  the  red  force  could  not  by-pass  it. 

As  the  first  tank  entered  the  minefield,  the  defense  weapons 
were  ordered  to  open  fire.  The  battle  continued  until  one 
of  the  forces  was  annihilated  or  until  the  last  red  tank 
exited  the  minefield.  In  six  trials,  there  were  no  defensive 
weapons  employed.  The  purpose  of  these  trials  was  to  deter- 
mine the  effectiveness  of  a minefield  not  covered  by  fire. 

In  eight  other  trials  there  was  no  minefield. 

Each  time  a firing  took  place,  a laser  beam  was  emitted 
by  the  firing  weapon.  The  targets,  equipped  with  laser 
sensitive  receivers,  sensed  the  impinging  laser  energy  if  the 
firing  weapon  was  accurately  aimed.  The  computer  acting  as 
a master  controller  went  through  the  following  steps:  A.  Re- 
ceived a firing  message  from  the  firer,  B.  Received  a hit 
message  from  the  target.  C.  From  telemetry  computed  the  rela- 
tive location  of  both  firer  and  target.  D.  Calculated  a 
probability  of  kill  for  that  firer  against  that ^target  at 
that  range.  E.  By  a random  number  draw  made  a determination 
of  the  outcome  of  the  engagement.  F.  If  the  target  was 
assessed  as  a casualty,  (l)  the  target  was  so  notified  and 
(2)  the  weapon  of  the  target  was  disabled  by  the  computer. 

The  crew  of  the  target  weapon  system  released  a smoke  cue 
to  inform  other  players  of  their  casualty  status. 
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C.  Exchange  ratio. 

D.  Movement  rate  of  red  tanks. 

E.  Probability  of  mine  avoidance. 

Additionally,  casualties  can  be  measured  in  two  ways:  the  actual 
casualties  assessed  by  the  random  number  draw  and  the  expected 
casualties  computed  from  the  calculated  Pk  values.  In  the 
latter  method,  for  each  engagement  the  firer  is  credited  with 
a number  of  kills  (always  less  than  one)  equal  to  the  kill 
probability  calculated  for  that  engagement.  The  two  methods 
have  the  same  expected  value,  however,  the  latter  method  has 
a smaller  variance.  For  that  reason  the  total  kills  are 
calculated  from  the  "sum  of  Pk"  method.  This  paper  will  use 
red  tank  casualties  as  the  only  measure  for  analysis.  For 
the  discussion  to  follow  we  will  use  the  following  definitions. 

A.  Cell-a  group  of  trials  in  which  the  mine  detecti- 
bility  and  density  are  the  same. 
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B.  Trial-one  complete  simulated  battle. 

C.  Trial  unit-a  small  fraction  of  a total  trial. 

D.  Column-similarly  designated  trial  units,  e.g.,  the 
first  fifth  of  each  trial. 

h.  TIME  STEP  MODEL  LOGIC.  As  can  be  seen  from  the  above 
table,  there  are  few  trials  in  any  one  cell.  For  trials  in 
which  all  controlled  variables  are  the  same  there  are  many 
uncontrolled  variables  which  cause  the  outcome  of  the  trials 
to  differ.  Among  these  uncontrolled  variables  are  environ- 
mental conditions,  mechanical  failures,  instrumentation  mal- 
functions, personnel  behavior,  etc.  There  are  other  controlled 
or  measurable  conditions  which  affect  the  trial  results. 

Among  these  are  trial  site  and  crews  manning  the  systems.  With 
all  of  these  factors  interacting  to  cause  trial  results  to 
differ,  the  measure  of  effectiveness  evaluated  for  the  three 
to  eight  trials  in  any  given  cell  will  differ  considerably. 

With  this  large  intracell  variation,  any  effects  on  the 
measure  of  effectiveness  caused  by  the  variables  of  interest 
are  often  indistinguishable.  For  example,  we  may  like  to 
know  what  is  the  effect  of  minefield  density  (a  variable  of 
interest)  on  the  casualty  exchange  ratio  (a  measure  of  effec- 
tiveness). If  the  casualty  exchange  ratios  in  the  trials  in 
a given  cell  are  highly  variable,  any  effect  minefield  density 
has  on  this  ratio  would  have  to  be  great  for  it  to  be  dis- 
tinguishable . 

Two  ways  to  improve  this  situation  are  to  reduce  the 
intracell  variance  and  to  increase  the  sample  size.  Given 
that  as  much  as  possible  has  been  done  about  the  former,  we 
must  find  ways  to  effectively  increase  the  sample  size. 

First,  let  us  choose  a measure  of  effectiveness  which: 

A.  Is  meaningful. 

B.  Is  measurable. 

C.  Changes  as  the  simulated  battle  progresses. 

D.  Is  sensitive  to  the  variables  of  interest. 

E.  Is  quantitative. 

The  more  basic  this  measure  of  effectiveness,  the  better  it 
will  be. 

A basic  philosophy  of  the  time  step  model  is  that  over 
i h rt  period  of  time,  because  only  a few  events  take  place, 
ha* Me  situation  can  be  considered  constant.  Instead 
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of  analyzing  the  outcome  of  an  entire  trial,  analyze  the  out- 
come of  each  of  several  trial  time  segments,  which  we  have 
called  "trial  units,"  and  connect  the  results  of  these  analy- 
ses into  a trial  outcome.  For  example,  if  there  are  four 
trials  in  a cell,  analyze  the  results  of  the  first  (say)  one- 
fifth  of  each  trial  to  obtain  the  mean  trial  unit  outcome. 

The  number  of  trial  units  in  each  trial  is  arbitrary.  This 
number  should  be  the  same  for  all  trials  and  should  be  chosen 
such  that  it  is  long  enough  for  several  engagements  to  occur 
and  short  enough  that  the  tide  of  battle  does  not  change  sig- 
nificantly. The  theory  is  that  there  will  be  much  less 
variation  in  the  outcome  of  small  trial  units  than  in  total 
trials.  After  analysis  of  the  results  of  the  first  trial  unit, 
analyze  the  results  of  the  second  trial  unit  in  each  trial  of 
the  cell  and  determine  the  outcome  of  the  second  trial  unit, 
using  the  mean  outcome  of  the  first  trial  unit  as  the  starting 
point  of  the  second  trial  unit.  Continue  this  process  until 
all  trial  units  have  been  analyzed. 

If  the  measure  of  effectiveness  has  been  properly  chosen, 
the  mean  value  of  the  measure  for  each  of  the  five  trial  units 
over  all  trials  in  all  cells  can  be  used  to  determine  the  trial 
unit  to  trial  unit  change  in  the  measure.  Similarly,  the  mean 
of  all  trial  units  in  all  trials  in  a cell  will  produce  a 
value  which  can  be  compared  with  such  means  from  other  cells. 
Using  the  overall  trial  unit  means  and  the  overall  cell  means 
of  the  measures  as  weighting  factors,  a low  variance  estimate 
of  the  measure  for  each  trial  unit  in  each  cell  can  be  cal- 
culated. 

^ ■ I1'  X A M F I,  F.  OF  PAT  A UFN FUAT  TON.  From  the  TEMAWS  experi- 

ment, the  overall  measure  of  effectiveness  chosen  was  "red 
tank  casualties."  This  measure  was  decomposed  into  two  basic 
measures:  probability  a given  live  red  tank  is  killed  by  any 
mine  during  a trial  unit  and  probability  a given  live  red  tank 
is  killed  by  a give n active  blue  weapon  during  a trial  unit. 

First,  each  of  the  61*  trials  was  divided  into  5 equal 
time  segments,  forming  the  trial  units.  The  first  trial  unit 
began  when  the  first  red  tank  entered  the  minefield  and  the 
fifth  trial  unit  ended  when  the  last  tank  exited  the  mine- 
field. The  length  (in  time)  of  the  trial  units  varied  from 
trial  to  trial. 

All  engagements  of  defensive  weapons  firing  at  red  tanks 
in  each  trial  unit  were  listed.  The  probabilities  of  kill 
for  engagements  by  DRAOONS,  TOWS,  and  the  blue  tank  were 
listed  separately.  The  number  and  identity  of  all  blue  weapons 
which  were  active  was  recorded  for  each  trial  unit.  A blue 
weapon  was  defined  ns  active  if  it 
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A.  fired  in  that  or  any  subsequent  trial  unit  or 

B.  was  fired  at  in  that  or  any  subsequent  trial  unit  and 

C.  had  not  been  killed. 

Finally,  the  number  of  red  tanks  which  were  alive  at  the  beginning 
of  the  trial  unit  was  recorded.  The  summary  for  one  of  the 
trials  is  given  in  Table  2. 


TABLE  2 

TRIAL  DATA  SUMMARY 


MEASURE 

I 

TRIAL 

II 

UNIT 

III 

IV 

V 

Total  DRAGON  Kills 

.57 

.1*3 

0 

.39 

0 

Total  Tank  Kills 

.11* 

.29 

. 1*1 

0 

1 .1*3 

Total  TOW  Kills 

1 . 1*1* 

.75 

0 

1.1*9 

1 .13 

Active  DRAGONS 

2 

2 

1 

1 

1 

Active  Tanks 

1 

1 

1 

1 

1 

Active  TOWS 

2 

1 

1 

1 

1 

Red  Tanks  Alive 

13 

11 

9 

8 

7 

For  the  remainder  of  the  example,  the  calculations  for 
the  TOW  only  will  be  exhibited.  Those  for  the  blue  tank  and 
the  DRAGON  proceed  similarly. 

The  next  step  is  to  compute  in  each  trial  unit  of  each 
trial  the  number  of  active  firer-target  pairs.  This  calcula- 
tion is  simply  the  product  of  the  number  of  active  TOW  multi- 
plied by  the  number  of  live  red  tanks.  In  the  example  of 
Table  2 the  number  of  firer-target  pairs  for  the  five  trial 
units  are  26,  11,  9,  8 and  7. 

Now  compute  the  number  of  red  tanks  killed  by  all  TOW  in 
all  61*  trials  for  each  trial  unit.  Also  compute  the  total 
number  of  firer  target  pairs  and  tb^ace  by  division  the  prob- 
ability a given  TOW  will  kill  a given  tank.  Table  3 shows 
the  TEMAWS  summary. 


TABLE  3 


TOW  KILL  SUMMARY  BY  TRIAL  UNIT 


TOTAL 

I 

II 

TRIAL  UNIT 
III 

IV 

V 

Red  tanks  killed 
in  all  trials 

25.23 

33.52 

38.86 

36.71 

36.0k 

Firer-target  pairs 

1286 

1076 

828 

603 

398 

Prob  a given  TOW 
kills  a given  tank 

. 020 

. 031 

. 047 

. 06l 

. 091 

Perform  a similar  computation  for  all  trial  units  in  each 
cell,  that  is,  compute  total  kills,  firer-target  pairs,  and 
over  all  trial  units  and  all  trials  in  a cell.  Table  4 
shows  the  data. 


TOW  KILL 

TABLE  4 

SUMMARY  BY  CELL 

CELL  DESIGNATION 

Mine  Density  Detectibility 

MEASURE 

Total  Kills  Firer-tgt  Pairs  Pk 

0 

30.81 

887 

. 035 

00025 

high 

11.59 

207 

. 056 

0005 

high 

11 . 86 

288 

. 04l 

low 

4.99 

260 

. 019 

001 

high 

15.07 

343 

. 044 

low 

21.91 

476 

. 046 

very  low 

10.16 

207 

. 04l 

003 

high 

13.34 

217 

. 062 

low 

18 . 04 

452 

. 04  0 

005 

high 

20.74 

488 

. 043 

low 

4.65 

139 

. 034 

01 

low 

7.18 

186 

. 039 

It  is  now  recognized  that  we  have  marginal  estimates  for 
the  Pk,  the  column  estimates  being  for  the  five  trial  units, 
the  row  estimates  being  for  the  12  treatment  combinations 
( cells ) . 
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The  assumption  is  now  made  that  the  individual  Pk  which 
should  be  assigned  to  a given  trial  unit  in  a given  cell 
should  be  the  cell  Pk  weighted  by  the  relative  overall  trial 
unit  Pk . The  trial  unit  weights  to  be  applied  should  have  a 
mean  of  unity  and  have  the  same  relative  values  as  the  column 
Pk . These  weights  in  the  example  are  0.1*0,  0.62,  0.9**,  1.22, 
and  1.82.  Finally,  using  these  weights  as  multipliers  the 
final  values  of  Pk  for  each  trial  unit  for  the  TOW  are  cal- 
culated . 

Similarly  the  weighted  Pk  for  the  other  two  weapons  are 
calculated.  The  final  Pk  values  for  all  weapons  for  "001  low" 
cell  are  shown  in  Table  5* 


TABLE  5 


WEIGHTED  Pk  VALUES  FOR 
DEFENSIVE  WEAPONS  FOR  CELL  .001  LOW 


WEAPON 

I 

II 

TRIAL  UNIT 
III 

IV 

V 

TOW 

. 01 8 

. 029 

. 0U 3 

. 056 

. 08t 

DRAGON 

. 004 

. 008 

. 010 

. 009 

. 016 

TANK 

. OlU 

.013 

.033 

.037 

.0U8 

MINE  ENCOUNTER 
(see  below) 

.059 

. 065 

• C73 

.059 

. 055 

Using  a similar,  but  simpler,  method  the  weighted  prob- 
ability that  a tank  encounters  a mine  in  each  trial  unit  of 
each  cell  is  computed.  The  column  overall  probability  of 
encountering  a mine  is  simply  the  total  number  of  tanks  which 
entered  that  trial  unit  in  all  trials  divided  into  the  total 
number  of  mine  encounters  in  that  trial  unit.  Table  6 shows 
the  TEMAWS  result. 


TABLE  6 

MINE  ENCOUNTERS 


DATA  ITEM 

I 

TRIAL 

II 

UNIT 

III 

IV 

V 

Total  tanks  entering  869 

trial  unit  in  all  trials 

771 

631 

1*81* 

1*02 

Total  mine  encounters 

7>* 

71 

67 

1*1 

32 

Prob  a given  tank  en- 
counters a mine 

.081* 

. 09l* 

.106 

. 085 

. 080 

Normalized  value 
(mean  value=l) 

0.93 

1 . 05 

1 . 18 

095 

0.89 
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The  cell  values  are  shown  in  Table  7* 


TABLE  7 

MINE  ENCOUNTERS 
BY  TREATMENT  COMBINATION 


TREATMENT 

DENSITY 

COMBINATION 

DETECTIBILITY 

Tank-Trial' 
Unit  Pairs 

DATA  ITEM 

Probability 
of  Encounter 

Total 

Mine  encounters 

00025 

high 

139 

2 

. Oil* 

0005 

high 

260 

9 

. 035 

low 

185 

9 

. 0U  9 

001 

high 

5h  9 

23 

. OUl 

low 

582 

36 

. 062 

very  low 

125 

19 

.152 

003 

high 

28l 

16 

.057 

low 

l*0l* 

6U 

.158 

005 

high 

280 

20 

. 071 

low 

2 U T 

35 

.11*2 

01 

low 

Hit 

50 

.1*39 

Multiplying  the  normalized  trial  unit  values  from  Table  6 
by  each  of  the  encounter  probabilities  in  the  last  column  of 
Table  7 produces  a matrix  of  probabilities  of  mine  encounters 
per  red  tank  for  each  trial  unit  in  each  cell.  This  table  is 
not  reproduced  here,  however  the  last  row  in  Table  5 is  a 
sample  row  from  that  matrix. 

The  objective  of  the  time  step  model  is  to  hold  all  factors 
constant  except  those  which  are  affected  by  the  variables  of 
interest  (minefield  configuration  in  this  case).  It  is 
believed  that  minefield  configuration  affects  the  kill  rate  of 
the  defense  weapons  and  the  mine  encounter  rate.  For  this 
reason  those  variables  are  evaluated  separately  for  each  cell. 
Also,  the  weapon  kill  rate  and  the  mine  encounter  rate  vary 
over  time  into  the  battle.  For  that  reason,  separate  values 
have  been  calculated  for  each  trial  unit.  With  those  values 
varying  from  trial  unit  to  trial  unit  and  from  cell  to  cell, 
all  other  inputs  will  be  held  constant  and  the  battle  replayed 
for  each  cell . 
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The  major  factors  which  will  be  constant  from  cell  to 
cell  are:  number  of  red  tanks  entering  trial  unit  1 and  number 
of  blue  weapons  active  at  the  beginning  of  each  trial  unit. 
These  latter  values  are  the  mean  number  of  TOW,  DRAGON,  and 
tanks  active  in  each  trial  unit  the  mean  taken  over  all  TEMAWS 
trials.  Table  8 shows  these  values. 


TABLE  8 

MEAN  NUMBER  OF  ACTIVE 
DEFENSIVE  WEAPONS 


WEAPON 

I 

II 

TRIAL  UNIT 
III 

IV 

V 

DRAGON 

1 . U 

1.3 

1 . 1 

OO 

O 

0.5 

Tank 

1.0 

0.9 

0.8 

0.7 

0.6 

TOW 

1.7 

1.6 

1.5 

1 . b 

1.1 

6.  OPERATING  THE  MODEL.  We  now  assume  that  at  the  begin- 
ning of  a trial  there  are  15  red  tanks  alive.  These  tanks 
enter  the  battle  and  may  be  killed,  in  the  first  trial  unit, 
by  one  of  the  defensive  weapons  or  by  a mine.  The  number  of 
defensive  weapons,  the  number  of  red  tanks,  and  the  probability 
that  a given  defensive  weapon  kills  a given  red  tank  are  all 
now  part  of  the  data  base.  Since  the  probability  of  kill  of 
a mine  given  an  encounter  is  classified,  we  will  assume  a 
fictitious  P^  of  0.5  given  an  encounter. 

The  model  now  calculates  the  red  casualties  from  each  of 
the  four  casualty  producing  sources.  The  number  of  red 
casualties  from  a defensive  weapon  type,  say  TOW,  is  (number 
of  TOW  active)  x (number  of  red  tanks  alive)  x (probability 
a given  TOW  kills  a given  red  tank).  From  the  data  given  in 
Tables  8 and  5 and  from  the  given  15  entering  tanks  we  cal- 
culate for  the  ”001  low"  cell  the  following  red  casualties: 


ty 

TOW 

1.7 

X 

15 

X 

. 018  = 

.146 

by 

tank 

1 . 0 

X 

15 

X 

. 01 U = 

.21 

by 

DRAGON 

1 . b 

X 

15 

X 

II 

O 

O 

.08 

From  the  mines  we  expect  casualties  equal  to  (the  number  of 
red  tanks  alive)  x (the  probability  a tank  encounters  a mine) 
x (the  probability  of  kill  given  an  encounter).  In  our 
example  the  following  are  expected  tank  kills  by  mines. 

15  x . 059  x .5  = .1*1* 
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The  total  red  casualties  in  trial  unit  1 then  are  1.19.  By 
subtraction,  we  see  that  13.81  tanks  are  still  alive  to  enter 
trial  unit  2.  Repeating  the  above  process,  using  trial  unit 
2 values  from  Tables  5 and  8 and  13.81  live  red  tanks  we  get 
the  following  casualties  during  trial  unit  2: 


From 

TOW 

.61* 

From 

tank 

.16 

From 

DRAGON 

.11* 

From 

mines 

.1*5 

1.39 

By  subtraction  we  see  that  12.1*2  tanks  enter  trial  unit  3. 

This  process  is  continued  through  trial  unit  5.  The  final 
number  of  surviving  red  tanks  (or  alternately  the  total  red 
tank  casualties)  is  the  measure  of  effectiveness  of  that  mine- 
field. The  final  values  for  the  example  are  as  shown  below. 

Casualties  in  trial  unit  3 = 1.72 

1*  = 1.52 

5 = 1.1*3 

Total  casualties  = 7.25 

The  model  is  exercised  similarly  for  each  treatment  com- 
bination. The  outcome  of  this  exercise  for  all  cells  pro- 
duced casualty  totals,  the  lowest  being  6.30  for  the  case  with 
no  mines  and  the  highest  13.1*2  (near  annihilation)  for  a .01 
low  detectibility  minefield. 

7.  SUMMARY.  The  time  step  model  described  and  illus- 
trated above  has  the  following  characteristics: 

A.  It  is  a pencil  and  paper  model  which  can  be  exercised 
very  quickly  to  indicate  general  trends  in  experimental 
results . 


B.  It  adjusts  cell  means  by  use  of  overall  means.  A 
basic  assumption  in  this  feature  is  that  there  is  no  inter- 
action between  the  time  units  and  the  cells  in  the  design. 
That  is,  if  the  probability  of  kill  for  a TOW  against  a tank 
doubles  between  trial  unit  1 and  trial  unit  2 in  one  cell, 
it  doubles  in  all  cells. 
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C.  Other  controllable  or  observable  variables  can  be 
considered  in  the  model.  For  example,  the  site  on  which  the 
trial  occurred  or  the  crews  which  manned  (or  personned)  the 
weapons  may  cause  results  to  differ.  In  a side  analysis  of 
TEMAWS  data  the  effect  of  the  sites  on  which  the  trials  were 
run  was  assessed.  Site  had  trivial  effect  on  the  tank  and 
TOW  effectiveness  but  had  a significant  effect  on  DRAGON 
effectiveness.  On  site  2 the  DRAGONS  on  the  average  were 
more  than  twice  as  effective  as  they  were  on  site  1.  A site 
adjustment  was  made  in  the  DRAGON  values  for  each  cell 
depending  upon  which  sites  were  represented  in  the  cell. 

The  crew  effect  on  the  measures  of  effectiveness  was  minimal. 

D.  The  number  of  trial  units  can  be  chosen  to  fit  the 
situation.  The  trial  units  can  be  of  constant  lengths  from 
cell  to  cell  but,  then,  the  number  of  trial  units  in  a trial 
would  vary.  It  is  felt  that  a constant  number  of  trial  units 
is  preferable. 

8.  REFERENCE.  Tactical  Effectiveness  of  Minefields  in 
the  Antiarmor  Weapons  System  (TEMAWS),  Final  Report,  Volume  1. 
USA  Combat  Developments  Experimentation  Command,  Fort  Ord, 

CA,  June,  1977. 


REPORT  ON  OUR  CONTRACTUAL  REVIEW  OF  THE  QUALITATIVE 
AND  QUANTITATIVE  VALUE  OF  TACTICAL  MOBILITY 

Dr.  Roland  V.  Tlede 
Science  Applications,  Inc. 

McLean,  Virginia  22101 


As  I turned  over  in  my  mind  several  days  ago  just  what  facet  of 
our  tactical  mobility  study  would  be  of  most  interest  to  this  audience, 
my  first  reaction  was  that  this  must  surely  be  the  methodology  because 
this  is  an  operations  research  symposium.  However,  as  I studied  again 
the  exact  words  of  the  title  that  had  been  assigned  to  me,  I thought 
you  would  probably  be  as  interested  in  the  results  as  in  the  method- 
ology. And  that  is  just  as  well  since  I would  not  have  time  to  dis- 
cuss either  the  methodology  or  the  analysis  in  r.ny  great  detail.  I 
shall  therefore  try  to  summarize  both  in  the  time  available  and  if 
anyone  is  interested  in  further  details  he  will  have  to  refer  to  the 
final  report  which  is  scheduled  to  be  delivered  to  Mr.  Hardison's  of- 
fice early  next  month. 

The  purpose  and  scope  of  our  study  is  shown  on  this  slide. 

EDBBQSL- 

• DETERMINE  WHAT  HAS  BEEN  LEARNED  ABOUT  THE  VALUE  OF  TACTICAL 
MOBILITY  AND  WHAT  IT  MEANS 

• DELINEATE  THOSE  INVESTIGATIONS  STILL  NEEDED  TO  MEASURE 
THIS  VALUE 

SCQPF 

• FOCUS  ON  TACTICAL.  AS  OPPOSED  TO  STRATEGIC,  MOBILITY 

• CONCENTRATE  ON  &RQUNJ}  COMBAT  ELEMENTS  IN  THE  THEATER  OF 
OPERATIONS 

• CONSIDER  MOBILITY  TECHNOLOGY  ONLY  AS  TT  CONSTRAINS  MOBILITY 
ACHIEVABLE  1977-2000 


The  general  approach  was  outlined  in  our  statement  of  work  and  included 
these  items. 


ttwitv.  mtwwn 


• COMM  I A IIICAAIUK  SI  ARCH 

• COM*  A TACTICAL  IMILIN  WIKI*  TUTIW 

• cmsiAuci  a nun  nap  <iakmw>  of  t*  mu* 
AKA  (CURORT D AMD  CWXROKD) 

• AMALTZE  AW  SniTCSIS  lAFWKATin  AS  SASH 
fW  CIWIIU  AM  KCOMIWTIMS 
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The  first  step  is  obvious  since  we  were  to  perforin  what  is  essentially 
a review  of  the  state  of  the  art  with  respect  to  determining  the  value 
of  tactical  mobility.  The  second  involved  convening,  under  the  spon- 
sorship and  direction  of  the  study  sponsor,  DUSA(OR) , a working  meeting 
of  the  leading  experts  in  tactical  mobility  and  related  areas.  This 
meeting  was  held  July  26-28  at  the  National  War  College  in  Washington. 
This  proved  to  be  of  inestimable  value  to  the  study,  not  only  because 
it  brought  to  our  attention  information  from  recent  and  ongoing  studies 
which  had  not  yet  come  into  the  literature,  but  also  because  it  pro- 
vided invaluable  insights  by  knowledgeable  people  currently  wrestling 
with  problems  in  this  area.  The  third  step  was  the  most  challenging  to 
the  analyst  because  it  could  be  likened  to  making  a sketch  or  route  map 
of  a major  continent  of  which  only  small  portions  had  been  thoroughly 
explored.  Clearly  such  a route  map  or  taxonomy  should  be  a guide  to 
assist  in  further  exploration.  The  last  step  could,  of  course,  be  ac- 
complished only  after  the  taxonomy  had  been  constructed.  Our  feelings, 
after  a very  preliminary  search  of  the  literature  are  probably  best  ex- 
pressed by  this  slide. 


MICV  F0TE 
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I shall  spend  the  next  few  minutes  telling  you  how  we  went  about  answer- 
ing this  question  and  developing  a method  for  mapping  the  unexplored  as 
well  as  the  explored  territory. 


— iri, 

STttCTMC  A FMfCNMK  THAT  VIU  POATMY  KlATIONSHIP 
Of  KMMXl  CMMUIMSTICS  OF  CM1AT  KNOB 
TO  MOUND  COftAT  HISSIONS. 

• ESTABLISH  A TAHNONY  FOA  CLASSIFYING  EXISTING 
UTWATWE 

I DEVELOP  SCOPE  OF  RELATIONSHIP 

• ESTABLISH  LINKAGES  BETWEEN  HDVEHENT  CHARACTERISTICS  ADI 
MISSION  ACCOMPLISHMENT 

I ESTABLISH  A BASIS  FOR  TRADE  OFFS 

• ESTABLISH  A BASIS  FOA  ASSESSING: 

MIAT  IS  KNOWN 

- WHERE  ME  GAPS 

- PRIORITY  FOA  FIUIM  GAPS 

- WAT  SHOULD  K DONE 
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The  problem  and  the  objectives  we  set  for  ourselves  are  shown  on  this 
slide.  Our  approach  to  meeting  these  objectives  is  shown  here. 

wwMoi  to  beveijpino  m using  mao  siruciure 

• OETEANI*  ECHELONS  REEDED  TO  DEFINE  HIERARCHY 

• FOR  EACH  ECHELON. 

DEFINE  COIRAI  MISSIONS 

OMUie  REDUIKB  CORA!  HMC1I0RS 

•ElATE  COWAI  FlMCIIONS  TO  PDVEHERI  CHARACTERISTICS 

• axm  wco  of  links  aeeatug  hovuiht  characteristics  to  curat 
nissioNs  to  establish  potential  amine 

I APPlT  mUIAAr  JUDoFEAI  to  oeterhiae  aeutive  staenotn  of  each 
COUPLING  • PWVlttS  C«ltt  INDICATOR  AS  TO  IHPORIRKE 

0 use  THIS  TAHWW!  TO; 

CLASSIFY  EXIST  TNG  LITERATURE 
OCTERNINE  MEANINGFUL  TAAOEOFFS 
fl«0  OAFS 

ASSIST  II  PRIORI  TILING  FOATOEA  EFFORT 

The  first  two  steps  are  self-explanatory.  The  third  and  fourth  comprise 
the  construction  of  our  rough  route  map.  After  we  have  established  the 
possible  links  between  those  movement  characteristics  that  describe  mo- 
bility performance  and  combat  missions,  we  can  count  those  links  to  get 
a first  assessment  as  to  the  possible  contributions  of  mobility  to  mis- 
sion performance.  However,  some  of  these  couplings  will  be  very  slight; 
others  very  strong.  In  the  absence  of  data  for  the  unexplored  regions 
to  tell  us  what  this  sensitivity  really  is,  we  had  to  fall  back  on 
judgment,  but  we  could  use  the  structure  already  established  to  struc- 
ture this  judgment  and  make  a zero  order  estimate  as  to  the  probable 
areas  of  highest  payoffs  that  should  be  explored  first.  After  such  a 
taxonomy  has  been  constructed,  the  last  step  is  of  course  to  apply  it 
for  its  intended  purpose. 

Before  going  on  to  describe  the  taxonomy  it  is  probably  well  to 
dispose  of  the  always  bothersome  question  of  a definition.  Our  initial 
literature  search  disclosed  virtually  as  many  definitions  of  tactical 
mobility  as  authors.  Hence,  one  of  the  tasks  assigned  to  the  working 
groups  at  the  Mobility  Conference  was  the  definition  of  tactical  mo- 
bility at  each  of  three  echelons.  Their  definitions  are  shown  on  this 
slide. 


DEFINITION 


MC-a-aCi  cortaoucd  icvuemi  of  a ccibrah  vehicif  or  iattufieu 

TO  ACHIEVE  WSSU* 


SHALL  UNIT  i AIILITV  OF  HUH  mil  TO  HOVE  FUN  WIRT  TO  Win  - AS 
REQUIRED  TO  MC0H1.ISI  BUUOi  - 


COIV I NED  ARTS 

FORCE-. 


ABILITY  TO  I 

mo.  mo  nit  at  umu 


AT 


OPERATIVE  WOS.  ROVE  KARAT  POWER  MISSION 


TACTICAL  NOBILITY  NAY  DC  DEFINED  AS  THE  NISSION-RELATEt  NDVEHENT  OF  A CORAT 
VEHICLE  OR  FORCE  OR  OR  KAR  TIC  BATTLEFIELD 


Also  shown  are  the  operative  words  extracted  from  these  three  defini- 
tions and  an  attempt  to  integrate  them  into  a general  definition  of 
what  we  mean  by  tactical  mobility. 
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The  first  step  in  our  approach  to  building  a taxonomy  was  a deter- 
mination of  the  echelons  that  should  comprise  the  hierarchy. 
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A hierarchy  which  can  lead  us  from  tactical  mobility  to  combat  ef- 
fectiveness is  shown  at  this  slide.  Fundamental  to  the  whole  problem 
and  underlying  all  the  rest  is  the  basic  echelon  of  mobility  technology. 
This  echelon  is  concerned  with  the  transformation  of  vehicle  design 
criteria,  in  conjunction  with  the  anticipated  natural  and  man-made  en- 
vironmental factors,  into  individual  vehicle  performance  characteristics. 
These  performance  characteristics  include  movement,  firepower,  surviv- 
ability, and  others  and  are  the  basic  inputs  to  investigations  at 
higher  echelons.  However,  this  investigation  is  not  concerned  with  mo- 
bility technology,  per  se;  the  problem  is  one  of  relating  nobility  to 
combat  performance  in  an  effort  to  determine  its  value  to  the  military 
force.  We  can,  therefore,  ignore  this  first  echelon  except  as  it  pro- 
vides inputs  to  the  remaining  required  transformations.  The  next  three 
echelons  are  listed  below  the  double  line  divider.  The  figure  portrays 
the  three  identified  echelons  in  terms  of  the  transformations  required 
to  convert  the  movement  performance  inputs  into  outputs  ending  finally 
with  the  mission  performance  of  the  combined  arms  force.  The  figure  in- 
dicates that  the  movement  performance  characteristics  developed  at  the 
underlying  level  of  mobility  technology  provide  inputs  to  all  three  of 
the  higher  transformations.  Also  indicated  is  the  notion  that  the  out- 
puts of  each  of  the  lower  transforms  at  One-on-One  and  small  unit  levels 
provide  inputs  in  terms  of  mission  performance  to  the  next  higher 
echelon. 
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The  tree  relationship  between  mission,  function,  and  movement 
characteristics  for  the  lowest  echelon,  One-on-One,  is  depicted  here. 
This  applies  only  to  an  individual  vehicle  once  it  is  engaged  in  one- 
on-one  combat.  Its  missions  at  this  stage  are  simple,  but  interrelated 
as  indicated:  to  defeat  the  enemy  weapon  (whether  this  results  from 
killing,  rendering  incapable  of  further  combat,  or  causing  it  to  sur- 
render) and  to  ,urvive.  Each  is  necessary  for  the  accomplishment  of  the 
other.  Although  labeled  One-on-One,  this  slide  will  also  serve  to  cover 
the  altogether  too  frequent  situation  of  "one-on-N"  for  which  the  mis- 
sion and  functions  remain  the  same. 


To  accomplish  these  missions,  however,  the  vehicle  must  be  capable 
of  performing  a number  of  functions  as  indicated.  In  order  to  defeat 
the  target,  it  must  be  capable  of  acquiring  it  and  of  tracking  it  if 
either  target  or  vehicle  are  moving.  It  must  be  capable  of  firing  at 
the  target  and  of  changing  its  own  position  under  enemy  ground  observa- 
tion to  improve  its  firing  position.  In  order  to  survive  while  it  is 
attacking  the  target,  it  must  be  capable  of  sensing  when  it  is  being  at- 
tacked, it  must  be  able  to  evade  enemy  fire,  and  it  must  also  be  capable 
of  changing  its  position  under  enemy  ground  observation.  Of  these  six 
functions  it  is  only  the  last  two  for  which  movement  is  both  a necessary 
and  sufficient  condition,  and  their  relationship  to  the  ten  movement 
characteristics  is  indicated.  The  movement  characteristics  shown  have 
been  referred  to  as  a standard  set.  They  are  standard  only  in  the  sense 
that  the  same  set  has  been  applied  to  all  three  echelons.  Ideally  they 
should  comprise  an  orthogonal  set  of  mutually  independent  parameters. 
Although  the  set  listed  here  has  been  boiled  down  from  an  initial  list 
of  29  and  does  encompass  the  most  important  movement  performance 
parameters  we  recognize  that  this  list  is  not  yet  mutually  exclusive. 
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This  slide  illustrates  the  relat ior.ship  at  the  next  higher  echelon, 
the  small  unit,  i.e.,  platoon  or  company.  In  strict  compliance  with  the 
hierarchy  that  has  been  established,  it  will  be  noted  that  the  combat 
functions  performed  by  the  small  unit  do  not  include  direct  attack  of 
enemy  targets  except  as  that  is  subsumed  into  the  function  of  distribut- 
ing the  fires  of  its  component  vehicles  into  one-on-one  engagements. 

The  functions  of  the  small  unit  are  those  involved  in  management  of 
one-on-one  actions  so  as  to  accomplish  the  unit  mission.  Of  the  eight 
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functions  listed,  only  three  encompass  movement.  Their  relationship  to 
the  movement  characteristics  is  indicated.  Not  shown,  is  the  relation- 
ship of  the  "Distribute  One-on-One"  function  to  movement  characteristics 
since  these  were  already  indicated  in  the  preceding  tree. 

You  will  note  how  complex  the  interrelationship  between  missions 
and  functions  are  becoming  as  we  move  up  in  echelon. 

This  complexity  has  become  almost  impossible  to  represent  by  this 
means  when  we  get  to  the  combined  arms  level.  Clearly,  the  tree  depic- 
tion is  perhaps  more  satisfying  aesthetically  than  useful  as  a means 
for  counting  the  linkages  between  movement  characteristics  and  mission 
accomplishment.  For  the  latter  purpose,  a matrix  representation  is 
much  more  useful. 
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This  slide  portrays  the  same  linkages  previously  shown  in  tree 
format  for  the  small  unit.  Clearly,  the  Xs  are  far  easier  to  count 
than  the  lines  on  the  earlier  representation. 
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This  slide  is  a pictorial  representation  of  the  link  count  made  on 
the  three  matrices,  i.e.,  for  One-on-One,  small  unit,  and  combined  arms 
force.  You  will  note  that  some  of  the  links  are  direct  from  movement 
characteristics  to  mission  accomplishment  at  each  echelon.  Others  are 
indirect  and  result  from  incorporation  of  one-on-one  mission  outcomes 
into  small  unit  performance  through  the  "Distribute  One-on-One"  combat 
function  and  the  incorporation  of  small  unit  outcomes  into  combined 
arms  force  mission  outcomes  through  the  "Allocate  Small  Unit"  function 
at  force  level.  The  cascading  effect  of  the  lower  links  as  they  support 
higher  unit  combat  functions  is  apparent. 
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The  results  of  this  calculation  are  summarized  in  a different  man- 
ner on  this  slide.  The  ten  movement  characteristics  are  listed  at  the 
left.  The  number  of  links  to  missions  is  shown  under  each  echelon.  A 
blank  indicates  no  coupling  to  the  missions  of  the  lower  echelon,  but 
that  there  is  independent  coupling  to  higher  echelons  to  the  right. 

The  totals  and  the  corresponding  fractions  are  at  the  extreme  right. 
Several  conclusions  can  be  drawn  from  such  a structure. 


• It  certainly  highlights  the  complexity  of  the  relationship  of 
movement  characteristics  to  mission  performance. 
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• The  higher  the  number  of  links  for  any  given  characteristic 
the  more  complex  the  more  complex  the  relationship  and  the 
greater  the  requirement  for  analysis. 

• The  same  data  also  indicate  the  echelons  that  need  to  be  in- 
vestigated for  analysis  of  each  characteristic.  The  first 
three  need  only  One-on-One.  Gradability  and  traction  need 
investigation  at  One-on-One  and  Small  Unit  levels.  Cross 
country  speed  needs  to  be  investigated  at  all  three,  road 
speed  at  the  upper  two,  and  the  last  three  characteristics 
only  at  combined  arms  force  level. 

As  stated  in  the  title  to  this  slide,  this  count  of  the  links  gives  us 
an  initial  idea  as  to  the  potential  coupling  between  movement  character- 
istics and  mission  performance,  but  it  gives  no  clue  as  to  how  important 
these  links  might  be. 


In  the  absence  of  quantification  adequate  for  sensitivity  analysis, 
it  was  necessary  to  apply  judgment  as  to  the  value  of  each  potential 
link.  This  was  accomplished  by  querying  six  resident  military  experts 
as  to  the  relative  importance  of  each  link.  A three-tier  scheme  was 
used  for  recording  these  judgments  as  indicated. 
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The  assigned  value  for  each  link  was  then  substituted  for  the  simple 
"X"  entries  in  the  Movement  Characteristic/Mission  Matrices  of  the  kind 
I previously  showed  so  that  now  we  could  add  up  the  assigned  values 
rather  than  the  number  of  links. 
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The  assigned  values  for  each  link  are  summarized  on  this  slide  for  each 
movement  characteristic  in  the  same  format  as  in  the  earlier  slide  that 
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showed  the  number  of  links.  This  table  Is  the  primary  tool  for  assess- 
ing what  is  known,  where  the  gaps  are  and  for  establishing  priorities 
for  filling  the  gaps.  Please  note  again,  though,  that  this  is  only  a 
zero  order  approximation  as  to  the  relative  value  of  the  movement 
characteristics  here  considered  to  the  mission  accomplishment  of  a 
combined  arms  force.  It  is  being  used  only  to  determine  which  of  these 
links  should  be  explored  and  quantified  first  by  means  of  more  precise 
techniques.  As  soon  as  such  results  are  available,  they  should,  of 
course,  be  substituted  for  the  structured  judgment  portrayed  here.  The 
movement  characteristics  have  been  rank  ordered  by  their  apparent  sig- 
nificance for  force  mission  accompl lshment . It  is  interesting  to  ob- 
serve that  the  rank  ordering  when  weighted  does  not  differ  substantially 
from  that  we  got  by  considering  only  the  number  of  links  (column  at 
right) . 

We  turn  our  attention  now  to  the  application  of  this  taxonomy  to 
the  search  and  analysis  of  the  available  literature. 
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As  shown  on  this  slide  we  used  the  taxonomy  to  classify  every  reference 
according  to  the  elements  of  the  taxonomy,  i.e.,  by  echelon,  movement 
characteristic,  combat  function  and  mission  to  determine  whether  these 
elements  were  all  present,  so  that  one  or  more  links  was  potentially 
considered  and  then  to  assess  the  thoroughness  with  which  each  poten- 
tially present  link  was  in  fact  covered.  To  do  this  we  used  a coding 
scheme  which  enabled  us  to  do  the  sorting  on  a desk  top  computer.  The 
thoroughness  of  coverage  was  indicated  by  a three-tier  scheme  much  like 
that  used  for  assessing  the  importance  of  the  links,  i.e.,  thorough 
coverage,  median  coverage,  and  marginal  coverage.  A fourth  category, 
zero  coverage  of  a potential  link  enabled  us  to  count  "lost  opportuni- 
ties". We  also  determined  and  coded  the  kind  of  information  provided 
by  each  reference,  i.e.,  did  it  contain  performance  measures,  performance 
data,  quantification  techniques,  trade-offs,  gaps,  etc.  This  then 
permitted  us  to  sort  the  body  of  literature  by  links  addressed  at  high 
value,  links  addressed  at  low  value  and  references  which  did  not  close 
links  but  provided  information  either  on  the  technical  mobility  base 
(mobility  performance)  or  on  effectiveness  measures  that  could  be  used 
for  evaluating  changes  in  mobility  performance.  Such  effectiveness 
measures  were  of  course  not  specifically  mobility  related,  but  would  be 
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iseful  for  measuring  changes  in  combat  effectiveness  resulting  from 
changes  in  performance  of  any  kind  by  the  force.  The  result  of  this, 
insofar  as  link  coverage  is  concerned,  is  portrayed  on  this  next  slide. 
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This  slide  lists  the  movement  characteristics  in  the  order  of  their  po- 
tential importance  of  force  mission  accomplishment  as  indicated  on  the 
earlier  slide.  At  each  echelon  is  shown  an  index  that  indicates  the 
relative  index  of  payoff  potential  for  each  movement  characteristic  and 
also  another  index  that  shows  the  coverage  afforded  by  the  literature 
where  that  coverage  has  been  weighted  to  recognize  the  thoroughness  of 
the  coverage.  It  is  immediately  obvious  that  the  bulk  of  the  coverage 
Is  at  the  one-on-one  level  while  the  bulk  of  the  payoff  is  at  combined 
arms  level.  This  does  not  mean  that  the  lower  echelon  research  is  in 
any  sense  unneeded  or  wasted.  Obviously,  you  cannot  embark  on  measur- 
ing the  higher  level  payoffs  until  the  lower  levels  have  been  quantified, 
but  it  does  point  out  what  still  has  to  be  done.  By  the  same  token  it 
also  shows  which  movement  characteristics  that  have  high  potential  pay- 
off have  not  been  adequately  investigated,  e.g.,  gradability,  road 
speed,  and  RAM-D. 

To  this  point,  I have  ignored  another  major  input  to  the  study, 
the  Tactical  Mobility  Working  Meeting,  a three  day  session  held  at  the 
National  War  College,  26-28  July.  The  meeting  objectives  were  to  de- 
velop a better  understanding  of  the  qualitative  and  quantitative  value 
of  tactical  mobility.  The  meeting  was  structured  around  three  working 
groups  which  focused  separately  on  one-on-one  combat,  small  unit,  and 
combined  arms  force.  Following  an  opening  general  session,  these  groups 
developed  assessments  which  were  later  presented  to  the  full  group  at  a 
closing  session.  The  issues  addressed  by  each  working  group  for  its  as- 
signed echelon  included:  performance  measures,  trade-offs,  MOEs,  quan- 
tification means,  quantification  analyses  that  may  have  been  accomplished, 
data,  testing,  and  analysis  gaps,  and  recommendations  for  future  work. 

I cannot  do  more  than  summarize  briefly  their  deliberations  in  the 
short  time  available,  but  the  principal  problem  areas  identified  by 
these  deliberations  are  capsulized  on  this  slide. 
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All  groups  recognized  th.it  the  bulk  of  the  past  effort  and  literature 
concerned  mobility  technology  rather  than  tactical  value.  All  groups 
recognized  that  trade-offs  between  mobility  and  other  performance 
characteristics,  e.g.,  firepower,  survivability,  C^,  intelligence, 
needed  more  emphasis.  Human  factors  is  another  important  but  inade- 
quately addressed  trade-off  area.  In  this  connection  the  taxonomy 
that  I have  described  is  Inadequate  and  would  have  to  be  extended  to 
provide  a more  solid  basis  for  evaluating  the  potential  payoff  from 
trade-offs  and  which,  therefore,  should  be  addressed  first.  The  small 
unit  group  recognized  the  inadequancy  of  most  of  the  MOEs  that  have 
been  used  at  that  level  which  have  concentrated  on  exchange  ratios  and 
ignored  the  other  elements  of  mission  accomplishment.  A wider  range  of 
scenarios  also  needs  to  be  investigated.  Another  problem  area  identi- 
fied is  the  large  volume  of  existing  test  data  that  has  been  inade- 
quately analyzed.  Application  of  the  taxonomy  directly  to  the  test 
data,  rather  than  to  reports  about  the  test  data,  would  be  one  way  of 
addressing  this  problem.  Finally,  a serious  gap  is  the  matter  of  re- 
lating individual  vehicle  mobility  to  the  time  required  to  move  larger 
units  from  point  A to  point  B.  Borrowing  a term  from  the  transporta- 
tion analysis  literature,  the  resulting  average  speed  with  which  major 
units  can  be  moved  is  called  "block  speed".  This  speed  is  of  course 
computed  by  dividing  the  distance  actually  traversed  by  the  time  re- 
quired from  causative  event  (enemy  action  or  friendly  initiative  ex- 
pressed as  a decision)  to  completion  of  the  move  up  to  the  point  that 
the  assigned  mission  can  be  initiated.  Although  the  literature  does 
contain  planning  factors  for  use  in  estimating  these  times,  no  predic- 
tive models  exist  which  could  be  used  to  calculate  the  effect  on  block 
time  of  an  increment  in  mobility  or  for  determining  sensitivity  to 
mobility  factors.  Clearly,  block  time  is  a function  of  many  other 
parameters  to  include  intelligence,  C^,  staff  planning  procedures,  road 
congestion,  etc.  Lack  of  such  a model  is  seen  as  a fundamental  gap  in 
our  understanding  of  the  value  of  tactical  mobility. 
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The  results  of  the  study  are  summarized  on  this  and  the  succeeding 
slide. 
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GRADUATE  EDUCATION  IN  SUPPORT  OF  ORSA 


Dr.  David  A.  Schrady 

Naval  Postgraduate  School 
Monterey,  California 


This  paper  is  addressed  to  the  subject  of  graduate  education  in 
support  of  the  ORSA  alternate  specialty  in  the  Army.  Attention  is  first 
focused  on  the  broader  issue  of  fully-funded  graduate  education  in  the 
military,  within  which  ORSA  competes  for  a share  of  the  limited  resources. 
The  Army  ORSA  specialty  is  then  addressed  in  terms  of  assets,  requirements, 
and  trends  in  education. 

A.  Graduate  Education  in  the  Department  of  Defense 

ORSA  (Engineering)  is  the  second  most  critical  education  field  within 
the  Army,  where  the  term  critical  is  defined  in  terms  of  the  deficit  of 
assets  minus  requirements.  To  understand  the  reasons  for  this.it  is 
necessary  to  realize  the  constraints  under  which  the  Civil  Schools  Branch 
must  work  in  seeking  to  remedy  this  problem.  The  Army,  and  all  the  Ser- 
vices, are  severely  constrained  in  the  number  of  officers  it  can  input  to 
graduate  education.  When  all  specialties  are  considered,  the  Army  has 
about  5000  positions  which  are  validated  as  requiring  graduate  education 
for  satisfactory  performance.  Against  this  requirement,  the  Army  is 
authorized  only  about  800  students  in  degree-seeking,  fully-funded, 
graduate  education;  an  AOB  or  average  on  board  of  800  officers. 

Since  FY  1974,  AOB  across  all  services  has  been  cut  nearly  50%.  The 
reductions  began  in  the  post- Southeast  Asia  period  with  a 20%  cut  by 
Congress  in  the  FY  1974  Defense  Appropriation  Bill.  As  a result,  inputs 
to  ORSA-  Engineering  in  recent  years  have  been  only  about  30  officer 
students  per  year.  Thus  ORSA  - Engineer ing  is  the  second  most  critical 
subspecialty  today.  Total  graduate  officer  production  for  the  Army  is 
estimated  to  have  fallen  as  follows^ 


Year 

Grad.  Off.  Prod'n 

Prod'n  % of  End  Strength 

1972 

817 

.67 

1975 

728 

.71 

1978 

552 

.56 

What  forces  or  factors  have  produced  the  reductions  in  officer 
graduate  education?  Opposing  sides  of  the  issue  are  well  represented  in 
the  following  quotations. 
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"Tlie  data  available  to  the  Committee  indicates  that  a 
large  portion  of  the  graduate  education  program  is  not 
really  essential  to  the  military  services." 

Report  of  the  House  Appropriations 
Committee  (2) 

Department  of  Defense  Appropriation 
Bill,  1976 


"The  Congress  ought  to  realize  that  in  view  of  the 
dependence  of  the  military  in  science  and  technology 
in  this  day  and  age  this  kind  of  investment  in 
higher  education  is  absolutely  essential." 

Jerome  B.  Weisner^'\  President 
Massachusetts  Institute  of  Technology 


At  this  point  the  critics  are  winning  the  argument.  Their  doubts 
may  be  categorized  as  follows:  (1)  that  the  "system"  is  not  working  as 
designed,  and  (2)  that  benefits  do  not  outweigh  the  costs  involved.  The 
first  issue  is  readily  analyzed  and  the  system  modified  as  necessary. 

The  second  issue  begs  for  a cost/benefit  analysis  of  the  value  of 
graduate  education,  and  this  has  proven  to  be  extremely  difficult.  Indeed, 
even  the  critics  have  found  it  easier  to  note  problems  with  the  operation 
of  the  system  rather  than  deal  with  the  benefits  of  graduate  education 
question. 

( 4 ) 

The  1970  General  Accounting  Office  report  raised  the  following 
points : 

(1)  the  criteria  for  identifying  graduate  education  positions 
were  too  broad  and  permissive; 

(2)  the  criteria  were  inconsistently  applied;  and 

(3)  officers  with  graduate  degrees  in  many  cases  were  not 
assigned  to  positions  requiring  specialized  education. 

The  Office  of  Management  and  Budget^  ^ ^ notes  that  service  require- 
ments for  graduate  degrees  for  similar  career  fields  significantly  differ 
from  one  another,  lending  credence  to  the  problem  of  the  criteria  being 
too  permissive  and  inconsistently  applied.  They  note,  for  example,  that 
where  the  Air  Force  has  697  billets  requiring  graduate  education  to 
support  ROTC  instructor  positions,  the  Army  has  no  validated  positions  in 
the  ROTC  field. 

Major  congressional  concerns  are  summaried  in  the  following  from  the 
FY  1974  House  Armed  Services  Committee  Report: 
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"The  Committee  is  not  convinced  that  all  these 
positions  do,  in  fact,  require  the  holding  of  ad- 
vanced degrees.  Nor  is  the  Committee  convinced 
that  the  incumbents  need  be  military  officers  edu- 
cated at  government  expense  as  opposed  to  civilians 
who  have  acquired  their  degrees  prior  to  being 
employed.  The  Committee  recognizes  that  there  is  a 
valid  need  for  a well-educated  officer  force  but 
rejects  the  concept  of  advanced  education  per  se  as 
a benefit  which  must  be  available  in  order  to  attract 
and  retain  officers. "(  ^ ) 

The  report  of  the  House  Appropriations  Committee  for  FY  1976  took  a 
similar  position.  The  Committee  pointed  out  that  only  "60%  of  the  Army's, 

37%  of  the  Navy's  and  65%  of  the  Marine  Corps  positions  are  at  any  one 
time  filled  with  personnel  holding  the  appropriate  specialty  or  a specialty  in 
a related  discip 1 ine. "(  b ) For  the  Air  Force  they  estimated  a 50%  fill 
rate  for  officers  with  graduate  education.  Again,  since  so  many  positions 
were  not  being  held  by  officers  with  graduate  degrees,  the  overall  validity 
of  the  requirement  was  brought  into  question. 

Since  FY  1974  the  Services  have  taken  significant  measures  to  improve 
the  operation  of  the  system.  The  Army , in  particular,  has  achieved  strong 
control  of  the  system.  Education  is  authorized  only  for  AERB  validated 
requirements,  and  subsequent  utilization  is  now  nearly  100%. 

On  the  question  of  the  value  of  graduate  education,  the  factors  of 
promotabil ity  and  retention  have  been  studied  — not  so  much,  I think, 
because  they  are  critical  factors,  but  rather  because  they  are  studyable. 

With  regard  to  promotion  and  graduate  education,  the  following  indicates 
that  graduate  educat ion  significantly  enhances  promotion  potential.  In 
reality,  however,  it  is  not  clear  which  cause  and  effect  relationship  is 
demonstrated  by  this  analysis. 


U.S. 

Lt.  Co], 

(7) 

ARMY’ 

Promotion 

Not  Lt . Col . 

Pop  'n 

Majors  with  Graduate 

Degrees 

4670 

.86 

762 

5432 

Majors  without 

Graduate  Degrees 

3683 

.66 

1930 

5613 

Total 

8353 

.75 

2692 

11,045 

Retention  is  an  inherently  more  satisfying  argument  for  graduate 
education,  but  cause  and  effect  is  again  a problem.  In  any  event,  the 
following  data  are  quite  significant  in  relating  graduate  education  with 
retent  ion. 
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ARMY  RETENTION(8) 


With  Graduate 

U.S.  Army: 

In  Service 

1965  Year  Group 

Retention 

Resigned 

Pop  'n 

Degree 

738 

.91 

76 

814 

Without 

Graduate  Degree 

956 

.57 

708 

166s 

Total 

1694 

.68 

784 

2478 

Let  me  close  this  section  with  a challenge  to  the  analysts  present 
that  a good,  solid  analysis  of  the  value  of  graduate  education  in  dollar 
and  cents  terms  is  sorely  needed.  Further,  without  such  quantitative 
justification  of  graduate  education,  further  reductions  are  possible. 


B.  The  ORSA  Specialty 

In  focusing  now  on  graduate  education  for  ORSA,  it  is  perhaps  appro- 
priate to  note  immediately  that  the  Army  recognizes  two  ORSA  specialties: 
ORSA  - Engineering  and  ORSA  - Business.  A simplistic  explanation  of  the 
differences  in  these  programs  is  as  follows.  ORSA  - Engineering  is  the 
more  quantitative  program.  It  strongly  emphasizes  probability, 
statistics,  data  analysis,  optimization  techniques,  and  computing. 

ORSA  - Business  is  a management  program  with  emphasis  on  quantitative 
methodology  and  techniques.  As  a mangement  program,  ORSA  - Business  also 
includes  theories  of  organization  and  management,  and  elements  of  financial 
management.  Both  programs,  Engineering  and  Business,  additionally  share 
emphasis  of  economics  and  systems  analysis. 

In  the  Army,  and  all  the  Services,  officers  are  educated  to  serve  in 
positions  validated  as  requiring  graduate  education  for  satisfactory  per- 
formance. The  data  below  give  a history  of  U.S.  Army  ORSA  validated 
pos it  ions . 

AERB  VALIDATED  POSITIONS 


1969 

1970 

1972 

1973 

1974 

1976 

ORSA  - Engineering 

290 

261 

277 

233 

258 

318 

ORSA  - Business 

255 

220 

229 

183 

193 

190 

Total  Army  Validations 

6489 

6329 

6916 

6394 

5556 

4985 

From  here  on,  I will  be  primarily  interested  in  the  ORSA  - Engineering 
discipline . 
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Actual  graduate  education  Inputs  depend  upon  both  the  validated 
requirements  and  upon  the  assets  available  to  fill  validated  positions. 

The  Army  uses  a factor  of  2.4  (times  the  number  of  validated  requirements) 
to  get  actual  requirements.  The  2.4  factor  reflects  career  progressions 
tlvit  include  primary  specialty  focus,  other  training  and  education,  service 
in  joint  commands,  etc.  The  assets  vs.  requirements  situation  for 


ORSA  - Engineering  is 

presently  as 

f ol lows : 

Actual 

Assets 

Rank 

Requirements 

Asset  s 

Requirements 

COL 

43 

19 

. 44 

LTC 

252 

61 

.24 

MAJ 

338 

109 

. 32 

CPT 

130 

60 

.45 

Total 

763 

249 

. 33 

(as  of  18  July  1977) 


The  figures  in  the  last  column  indicate  pretty  clearly  why  ORSA  - Engineering 
is  considered  a critical  discipline. 

To  improve  the  asset  vs.  requirement  situation  we  see  ORSA  - Engineering 
commanding  an  increasing  share  of  the  useably  graduate  education  quotas. 


ORSA  - Engineering 
Fully- Funded  Quotas 


FY 

QUOTA /TOTAL  QUOTAS 

% 

UTILIZATION 

74 

36/491 

7.3 

25/69% 

75 

29/347 

8.4 

16/55% 

76 

23/277 

8.3 

17/74% 

76T 

5/49 

10.2 

5/100% 

77 

28/297 

9.4 

27/96% 

78 

39/312 

12.5 

U.S.  Army  ORSA  - Engineering  education  is  presently  being  accomplished 
at  16  institutions.  As  of  30  June  1977,  there  were  38  Army  officers  en- 
rolled as  ORSA  - Engineering  students  in  these  lb  institutions,  with  the 
largest  number  enrolled  in  the  program  at  the  Naval  Postgraduate  School  (Nl’S). 
While  the  nature  of  the  programs  differ  from  school  to  school,  1 can  speak 
with  authority  about  only  the  NPS  program.  Those  interested  in  more  in- 
formation about  other  programs  are  referred  to  the  bro-chure,  "Education 
Programs  in  OR/MS, " published  jointly  by  the  Operations  Research  Society 
of  America  and  The  Institute  of  Management  Sciences,  and  available  from 
the  ORSA  Business  Office,  428  East  Preston  Street,  Baltimore,  MD  21202. 
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The  ORSA  - Engineering  program  at  the  Naval  Postgraduate  School 
has  within  the  last  two  years  been  relunctantly  shortened  from  eight 
quarters  to  six  quarters.  In  an  effort  to  accommodate  the  reduced  A^r 
levels,  it  has  become  Army  policy  that  the  maximum  length  of  graduate 
education  programs,  regardless  of  discipline,  will  be  18  months.  The 
NPS  program  stresses  the  basics  of  mathematics,  probability  and  statistics, 
optimization,  computing,  economic  analysis,  and  applications  modelling  — 
all  strongly  oriented  to  the  problems  of  Defense.  In  time  sequence,  the 
curriculum  is  as  shown  below. 


NPS  OPERATIONS  RESEARCH/SYSTEMS  ANALYSIS  CURRICULUM 
FOR  U.S.  ARMY  ORSA  - ENGINEERING 


0 

SPECIAL^ 

ZAT10N 

PROB  & 

STAT 

MATH 

COMPUTER 

SCIENCE 

OPTIMI- 

ZATION 

STOCH 

MODELS 

SYSTEMS 

ANALYSIS 

SEMINARS 

1 

INTRO 

MILITARY 

OR 

PROB 

TOPICS 

IN 

CALCULUS 

- 

INTRO 

TO 

COMPUTERS 

LINEAR 

ALGEBRA 

SEMINAR 

2 

PROB  & 
STAT 

MULTI- 

VARIABLE 

CALCULUS 

LINEAR 

PROG 

MATH 

ECONOMICS 

SEMINAR 

3 

OR  IN 

ARMY 

SYSTEMS 

STAT 

COMP ' L 
METHODS 
FOR  OR 

STOCH 

MODELS 

SEMINAR 

4 

DATA 

ANALYSIS 

SYSTEMS 

SIMULAT'N 

NONLINEAR 

PROG 

UTILITY  & 

RESOURCE 
ALLOC' N 

SEMINAR 

5 

EXP  TOUR 
OR 

OPTION 

COURSE 

THESIS 

OPTION 

COURSE 

STOCH 

MODELS  II 

SYSTEMS 

ANALYSIS 

• 

SEMINAR 

SEMINAR 

6 

THESIS 

OPTION 

COURSE 

OPTION 

COURSE 

One  can  readily  identify  the  mathematical  foundations  which  support  the 
entire  curriculum,  the  year  of  work  in  probability  statistics  and  data 
analysis,  the  computing  and  simulation,  optimization,  systems  analysis, 
and  applied  modelling  courses. 
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Let  me  highlight  just  one  course,  OA  4656  "OR  in  Army  Systems." 

The  course  focuses  on  quantitative  analysis  support  In  weapons  evaluation 
and  acquisition.  A very  terse  course  outline  is  as  follows. 


TOPIC  TIME 

1.  The  Acquisition  Cycle  & Decision  Processes  Including  1 week 

the  role  of  COEAs 

2.  The  COLA  process,  TRADOC  guidelines,  examples  and  1 weeks 

pit fal  Is 

3.  Combat  modelling,  analytical  and  simulation,  unit  4 weeks 

to  theater  levels,  models  in  vise  today  — Army 
Mobility  Model,  Bonder  1UA,  Division  Battle  Model, 

JIFFY,  etc. 

4.  Student  prepared  crlt iques/case  studies  of  recent  3 weeks 

ma  jor  system  COFAs,  examples  XM-- 1 , HF.l.l.Fl RK, 

BUSH MASTER , CLOP,  Scatterable  Mines 


The  option  courses  are  selected  from  the  following  list: 

* Combat  Models 

* Quantitative  Analysis  of  Tactics 

* Operational  Test  and  Evaluation 

* Campaign  Analysis 

* Design  of  Experiments 

* Reliability  and  Weapons  Systems  Effectiveness. 

Other  option  choices  from  Systems  Analysis  or  Human  Factors  areas 
a re  a Iso  possible. 

An  experience  tour  wherein  the  officer  student  is  assigned  to  an 
operating  analysis  shop  for  a six  week  period  during  the  academic  program 
was  mandatory  in  the  program.  With  the  experience  tour  and  the  thesis 
to  both  demonstrate  the  student’s  ability  to  effectively  apply  the  tools 
and  techniques  of  analysis  to  significant  problems,  NPS  could  pretty 
well  assure  that  its  graduates  were  Immediately  capable  of  performing 
as  competent  operations  analysts  in  validated  positions.  Experience 
tours  were  taken  by  Army  officer  students  in  such  organizations  and  the 
Concepts  Analysis  Agency,  the  Combat  Development  Experimentation  Command, 
the  TRADDC  Systems  Analysis  Activity,  the  Armor  Agency,  etc.  With  the 
compression  of  the  program  to  six  quarters,  the  experience  tour  is  now 
optional  for  Army  students. 
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Some  recent  Army  officer  thesis  topics  Include  the  following* 

* Scatterable  Mines:  Dispersion,  Detection,  and  Avoidance 

* APL  Histogram,  Density  Estimation  and  Probability  Plotting 

Routines 

* Generation  and  Analysis  of  Parameterized  Terrain  for  Land 

Combat 

* A Simulation  of  Field  Artillery  Battery  in  the  Defense  With 

and  Without  TACFIRE 

* An  Analysis  of  Major  Training  Area  Operations  Conducted  bv 

V Corps 

Note  that  the  second  thesis  listed  was  completed  by  an  officer  slated 
to  teaching  in  the  Mathematics  Department  at  the  Military  Academy.  The 
last  topic  listed  was  instigated,  as  you  may  suspect,  by  General  Starry, 
and  the  two  authors  took  their  experience  tour  with  the  V Corps. 

The  Operations  Research  curriculum  at  the  Naval  Postgraduate  School 
was  the  first  in  the  country,  with  the  first  students  entering  in  1951. 
Our  first  Army  officer  was  graduated  in  1964.  To  date,  there  have  been 
212  Army  graduates  of  the  ORSA  - Engineering  program  at  Monterey.  In 
1976,  the  first  Army  officers  entered  the  NPS  ORSA  - Business  program. 


C.  Future  Developments  in  ORSA 

ORSA  programs  have  evolved  over  time  and  will  always  continue  to  do 
so.  The  McNamera  era  brought  economics  and  systems  analysis  and  changed 
the  name  of  programs  from  OR  to  ORSA.  Certainly,  tools  and  techniques 
for  performing  Cost  and  Operational  Effectiveness  Analyses  (COEA)  are 
rather  important  to  today's  uniformed  Army  analyst.  Computing  has  also 
grown  in  importance  to  the  analyst.  Here  1 am  not  thinking  so  much  of 
the  programming  of  large  simulations  or  optimization  models,  but  rather 
of  the  need  for  the  analyst  to  effectively  utilize  interactive  types  of 
computing  from  his  office  or  field  location.  The  modern  analyst  should 
also  understand  data  base  structures  and  their  application  in  everything 
from  personnel  systems  to  command  and  control. 

What  lies  ahead?  In  all  honesty,  I do  not  know.  There  is  a tiny 
bit  of  truth  to  the  proposition  that  the  success  of  the  Operations 
Research  discipline  will  put  us  all  out  of  business.  Let  me  explain 
that  a bit.  In  the  non-defense  sector,  operations  research  and  systems 
analysis  techniques  have  become  exciting  new  tools  for  dealing  with  urban 
planning,  health  care,  finance,  and  public  policy.  In  engineering, 
optimization  and  stochastic  processes  have  become  important  tools.  /'  . 

the  techniques  are  adopted  by  other  disciplines,  there  may  be  less  

for  the  OR  disciplinarian.  Perhaps  mathematics  and  even  statistics  are 
examples  of  disciplines  that  have  experienced  this  phenomena. 
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Iii  tho  defense  sector  there  are  some  exciting  now  developments 
which  combine  necessary  technical  disciplines  with  ORSA  methodology  to 
focus  on  specific  operational  military  problems.  At  Nl’S  there  are 
several  such  new  programs:  Antisubmarine  Warfare,  Klectronlc  Warlare, 
and  Joint  Communications,  Command,  and  Control.  l.et  me  illustrate  wl<h 
the  ASW  curriculum. 
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Clearly,  Operations  Research  methodology  and  techniques  are  the  mortor 
with  which  the  physical  and  environmental  sciences  are  glued  together 
and  focused  on  the  operat lona I antisubmarine  warfare  problem.  Obviously, 
other  operationally  oriented  curricula  with  strong  ORSA  dependence  are 
possible  and  should  he  anticipated. 

A new  program.  Joint  Communications,  Command,  and  Control,  began  at 
Nl’S  last  week.  The  program  was  initiated  directly  and  personally  by  the 
former  Deputy  Secretary  of  Defense,  Mr.  William  1’.  (Moments.  It  is  a DOP 
program  rather  than  a program  of  an  Individual  service  and  the  Joint 
Program  Sponsor  Croup  includes  the  Joint  Chiefs  of  Staff,  OASD  (c'll, 

OASD  (DDR&E),  OASD  (MR&L) , the  Defense  Communications  Agency,  the  National 
Security  Agency,  and  the  Services.  The  objective  of  the  program  reads, 
in  part,  "To  develop  professional  expertise  and  judgment  in  the  areas  ol 
requirements  and  systems  Integration  and  the  operational  aspects  ol  joint 
communication,  command,  and  control  (c'l  systems." 
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In  developing  the  curriculum,  the  NPS  used  the  following  type  of 
diagram  — the  notion  of  a T-man  — to  portray  the  discipline  range  and 
depth  decisions  inherent  in  the  curriculum  development  process. 


— 

INTEL 

L 

— 

MGT 

EE 

ORSA 



CS 

The  diagram  really  says  very  little  about  the  program  but  does  indicate 
the  discipline  subject  matter  included  in  the  program  (EE  is  electrical 
engineering  and  communications  engineering,  CS  is  computer  science, 

MGT  is  management,  especially  the  acquisition  process,  and  INTEL  is 
intelligence),  their  relative  emphasis,  and  the  fact  that  operations 
research/systems  analysis  methodology  and  techniques  are  central  to  this 
operationally  oriented  program. 

Beyond  the  spread  of  influence  of  ORSA  methodology  and  techniques 
in  operationally  oriented  specialties,  1 think  there  will  be  new  or 
increased  ORSA  activity  within  DOD  in  the  areas  of  manpower  and  personnel, 
command  and  control,  and  financial  mangement. 

In  summary,  I have  tried  to  indicate  that  graduate  education  must 
compete  with  manpower,  acquisition,  R&D,  and  operations  for  its  share 
of  DOD  resources.  In  recent  years,  the  level  of  authorized  officer 
graduate  education  has  been  reduced  nearly  50%.  In  this  climate  and 
against  growing  ORSA  requirements  the  ORSA  alternate  specialty  in  the 
U.S.  Army  has,  at  present,  only  33%  of  its  required  number  of  officers 
educated  and  available  for  validated  positions.  Though  both  ORSA  - 
Engineering  and  ORSA  - Business  are  presently  commanding  increasing 
percentages  of  useable  graduate  education  quotas,  uniformed  ORSA  assets 
will  continue  to  be  a scarce  resource  for  a number  of  years  to  come, 
and  we  should  expect  requirements  to  continue  to  increase. 
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DIVISION  RESTRUCTURING 


COI.  DONALD  S.  PIHL 
COMBAT  DEVELOPMENTS,  HQ  TRADOC 

1.  Introduction. 

The  purpose  of  the  Division  Rest ructuring  Study  is  to  develop  organizations 
for  test  which  best  prepare  the  US  Army  to  integrate  into  the  force  and 
maximize  the  potential  of  the  new  weapons  systems  of  the  1980’ s. 

2.  Background. 

In  March  1975,  the  Chief  of  Staff  of  the  United  States  Army,  General  Fred 
C.  Weyand  instructed  TRADOC  to  examine  our  divisions  capability  to  fight 
a war  in  the  future  and  stated  — "make  sure  that  we  are  closely  monitoring 
the  development  of  structure  and  that  our  missions,  doctrine,  and  organiza- 
tional concepts  are  in  concert  and  conduct  a continuing  'identifiable' 

study".  General  DePuy  started  the  process  with  the  Division  Structure 
Analysis  (DSA) , blended  this  effort  into  the  Antiarmor  Systems  Program 
Review  (AASPR)  in  1975,  and  finally  established  a study  group  in  his 
office  in  March  1976. 

The  Division  Restructuring  Study  started  by  researching  the  October  1973 
war,  the  US/FRG  concept  papers,  the  total  tank  systems  study,  and  FM  100-5. 
This  effort  led  to  a historical  look  at  battlefield  trends  which  impact  on 
organizat ional  design. 

3.  Methodology. 

a.  Trends.  The  study  started  with  a historical  perspective,  measuring 
divisions  from  the  Civil  War  through  the  current  division.  The  start  of 
the  review  of  trends  was  the  increase  in  the  volume  of  firepower  available 
to  the  division.  The  significant  increase  in  this  firepower  from  the  Civil 
War  in  both  point  and  area  fires  indicates  the  need  to  look  at  the  methods 
for  delivering  this  fire  effectively.  Can  the  current  numbers  of  commanders 
with  the  five  levels  of  division  command  handle  this  process  effectively? 

FmiiPC.YcR  Ti'YC'V.YZISnT 
area  nts  vs  po;;.t  fires 
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The  second  trend  shows  the  change  in  firepower  at  the  front  from  the 
rear.  While  essentially  a stable  ratio  develops  at  World  War  I of  2/3 
indirect  to  1/3  direct  and  continues  to  the  present,  the  point  fire 
precision  increases  to  50%  due  to  precision  guided  munitions  from  the 
rear  (cannon  - launched  guided  projectile  from  artillery,  HELLFIRE  from 
attack  helicopters,  and  ma"0*'^''  F ’’■«"»  rhe  Air 

FIREPOWER  TRENDS  DIVISION 
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Not  only  has  the  volume  of  fire  increased,  so  has  the  mobility  and 
lethality. 
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This  change  in  mobility  and  lethality  is  also  marked  by  a change  in 
range.  Therefore  a Cobra  - Tow  can  close  30km  in  30  minutes  and  kill  a 
target  with  .8  probability  from  zero  to  3000m  as  compared  to  the  WWII 
Sherman  tank  that  took  three  hours  to  close  30km  and  only  had  at  least 
.8  probability  of  kill  only  up  to  500m.  This  means  that  as  a combat 
multiplier,  the  attack  helicopter  can  locate  to  the  rear  out  of  artillery 
range . 

Close  air  support  effectiveness  in  tank  killing  potential  follows  the 
same  increase  trend. 
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you  get  11  Series  MOS  personnel  who  man  the  front, 

FIGHTERS*  PER  KILOMETER  FRONT 

DIVISION  BY  MOS 


When  the  74  men  per  km  of  front  is  compared  to  the  chart  on  5. 
lbs  of  throw  weight  per  30  minute  battle,  there  is  a firepower 
of  1620  lbs  per  forward  man  of  which  he  delivers  roughly  50Z. 

FIREPOWER  PER  FORWARD  MAN  * 
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b.  New  Weapons.  The  practical  manifestation  of  these  trends  lead  to 
step  two  of  the  DRS  methodology,  an  analysis  of  the  new  weapons  programmed 
for  the  Army  inventory  from  1980  - 1985: 

NEW  WEAPONS  SYSTEMS 
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Recognizing  that  the  Army  plans  to  spend  $61  billion  through  the  Extended 
Planning  Annex  over  the  next  10  years,  DRS  believes  we  are  obligated  to 
optimize  the  potential  of  these  sophisticated,  capable  weapons  (recognizing 
that  in  some  cases  we  only  establish  parity  with  the  Soviets).  The  issue 
is  whether  to  retain  the  current  organization  and  replace  old  weapons  with 
new  weapons  or  to  develop  a new  division  structure  that  provides  better 
utilization  of  the  potential  of  the  new  inventory. 

c.  The  Problem.  The  problem  of  designing  an  organization  to  integrate, 
into  the  force,  the  new  weapons  systems  of  the  early  1980’s  and  to  optimize 
their  employment,  results  from  looking  at  the  current  division  in  terms  of 
tactical  employment  and  the  use  of  systems. 

In  terms  of  tactical  employment,  current  doctrine  calls  for  the  company 
commander  to  integrate  the  combined  arms  team.  The  Antiarmor  Systems 
Program  Review  (Fall  75  - Spring  76)  established  that  a captain  commanding 
a tank  company  team  of  12  tanks,  4 TOW,  Infantry,  and  mortars  had  37 
critical  actions  in  the  first  15  minutes  of  the  battle.  The  doctrine 
causing  the  least  experienced  combined  arms  leader,  with  no  staff,  to  be 
the  agent  for  firepower  from  the  rear  has  been  criticized  by  other  armies 
in  terms  of  understanding  how  combined  arms  integration  can  occur  at  the 
company  level.  This  is  not  to  say  that  current  experienced  US  Army 
captains  are  not  capable  considering  that  many  are  commanding  their 
second  or,  in  some  cases,  third  company.  But  concern  occurs  when 


considering  the  wartime  replacement  for  current  captains  either  in  terms 
of  the  surviving  lieutenant  or  a reserve  component  officer  hastily  de- 
ployed. How  much  experience  will  either  of  these  officers  have  in 
integrating  the  combined  arms? 

It  is  in  this  area  of  pure  versus  combined  arms  companies  that  we  benefited 
from  a review  of  other  armies,  particularly  in  tank  organizations.  Both 
the  Bundeswehr  and  the  Israeli  Defense  Forces  Integrate  combined  arms  at 
the  battalion  level  and  fight  pure  tank  companies.  Both  have  adopted  the 
three  tank  platoon  concept  either  completely  (Israeli)  or  for  test  (FRG) 
because  of  Improved  fire  and  maneuver  efficiency.  We  also  need  to  under- 
stand the  logistics  price  the  Israelis  pay  to  keep  the  3-tank  platoon 
viable  in  terms  of  crewed  floats. 

However,  the  methodology  was  not  completely  a "lessons  learned"  review  of 
other  armies.  An  assessment  of  US  combat  developments  needs  was  also  key 
in  formulating  the  DRS  concept.  F.xamples  of  problems  tor  the  US  Army 
where  foreign  models  do  not  suffice  are  in  artillery  and  mobile  anti-armor 
systems.  Here  other  armies  depend  on  the  United  States  when  coping  with 
the  problem  of  fighting  outnumbered.  Recognizing  that  the  US  Army  is 
outnumbered  in  artillery  7 to  1 at  the  point  of  a breakthrough  attack, 
the  study  group  examined  ways  by  which  the  division's  artillery  could  he 
increased  without  unreasonable  overhead.  Clearly  this  is  not  a total 
solution  to  the  problem  of  fighting  outnumbered,  but  a major  move  toward 
that  problem.  Equal  to  the  problem  caused  by  the  threat  is  the  challenge 
to  the  US  Army  to  take  advantage  of  new  munitions  (cannon  launched  guided 
projectiles,  scatterable  mines,  and  dual  purpose  improved  conventional 
munitions)  as  well  as  performing  new  missions  (counterfire,  suppression 
of  ATOM,  and  air  defense  suppression.  The  stark  reality  is  that  the  US 
Army  has  not  increased  the  number  of  tubes  within  a division  since  the 
Korean  Conflict. 

In  the  area  of  antiarmor  systems,  the  problem  is  the  right  use  of  weapons. 
Here  there  are  two  problems,  the  use  of  TOW  as  a "tag  along"  and  the 
extended  command  of  tank  platoons. 

By  placing  the  TOW  within  an  infantry  company,  the  3000m  range  capability 
is  not  best  used  when  employing  the  infantry  for  close-in  battle  (wooded 
area,  built-up  area).  Conversely  the  infantry  "tags  along"  if  the  TOW  is 
sited  where  its  3000m  range  starts  the  antiarmor  battle. 

As  for  tank  platoons,  the  US  Army  has  the  largest  in  the  free  world.  When 
you  examine  the  results  achieved  on  Range  79,  Grafenwohr,  few  lieutenants 
can  control  the  fire  of  all  5 tanks  on  a platoon  battle  run.  Also  reportedly 
Fort  Carson  limits  their  platoon  battle  run  to  the  three  tank  heavy  section 
due  to  the  control  problem  encountered  by  the  platoon  leader.  We  believe 
the  Army  can  ill  afford  to  organize  very  expensive  tanks  into  large  units 
where  their  fires  are  not  effectively  distributed.  Taking  the  problem 
from  a battle  run  into  a vision  of  the  next  battlefield,  SOP  actions  within 
a smaller  unit  in  the  face  of  smoke  and  electronic  warfare  is  a viable 
alternative  to  radio  command  of  two  sections  within  a five  tank  platoon. 
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d.  KM  100-5.  Without  setting  a percentage  of  how  much  of  this  study  is 
equipment  dependent  and  how  much  is  the  need  to  adjust  organization  con- 
cepts to  the  expected  lethality  and  intensity  of  the  modern  battlefield, 
it  is  significant  that  a large  degree  of  the  proposed  division  that  fol- 
lows is  an  adjustment  to  the  way  the  Army  functions  and  the  need  to  change. 

The  recent  publication  of  FM  100-5  is  key  to  the  DRS.  While  several 
organizational  alternatives  are  possible  to  validate  FM  100-5  in  the  field, 
the  study  group  did  not  tinker  with  divisional  organizations  with  tuning 
adjustments.  FM  100-5  is  a prescription  for  change  to  which  the  study 
group  made  as  bold  an  adjustment  as  is  tactically  sound  and  realistically 
attainable. 

How  drastic  is  DRS?  The  conscious  use  of  the  word  restructure  rather  than 
reorganization  is  key.  Retained  is  the  concept  of  the  division  base,  with 
combat  service  support  tailored  to  support  the  three  birgades.  Also  retained 
are  the  five  levels  of  command  with  a major  general  comnanding  the  division, 
colonels  commanding  brigades,  lieutenant  colonels  commanding  battalions, 
captains  commanding  companies,  and  lieutenants  commanding  platoons. 

ROLES 

GENERALS— CONCENTRATE 
THE  FORCES 

COLONELS— CONTROL  AND 
DIRECT  THE  BATTLE 

CAPTAINS — FIGHT  THE  BATTLE 

Also  retained  are  the  concepts  of  force  tailoring  and  command  post  relation- 
ships. Rejected  alternatives,  in  the  interest  of  keeping  choices  manageable, 
were  the  combined  arms  battalion  and  the  fully  self-supporting  birgade  with 
organic  combat  support  and  combat  service  support  (the  German  concept). 

Working  from  these  trends,  doctrine,  and  problem  statements  in  conjunction 
with  the  TRADOC  centers  and  schools,  we  developed  a concept  to  solve  as 
many  problems  as  possible  organizationally. 

4.  Concept 

With  trends,  equipment  potential,  and  current  organization  problems  identified, 
the  Division  Restructuring  Study  proposes  a "clear  alternative"  to  the  cur- 
rent H-series  TOE  armored  and  mechanized  division.  The  clear  alternative  is 
not  a grouping  of  preferred  concepts  which  need  to  be  demonstrated  in  the 
field.  The  concepts  are  by  inspection  tactically  sound  but  as  big  a change 
as  can  be  made  in  order  to  produce  measures  of  relative  effectiveness,  cost, 
and  worth. 

Specifically,  by  function  system  these  concepts  are: 

The  organization  of  maneuver  forces  into  more,  smaller  battalions  with 
about  the  same  total  strength  offers  a potential  payoff  in  improved  combat 
efficiency. 


The  3 tank  platoon  - 36  tank  battalion  Is  optimum  considering  technological 
advances  in  Armor. 

The  104  man  rifle  company  - 9 man  rifle  squad  is  the  ideal  mechanized 
infantry  fighting  force  when  equipped  with  MICV  with  TBAT. 

Separate  TOW  companies  offer  the  best  medium  for  employment  of  this  ATOM. 

The  fourth  battery  in  each  DIVARTY  Battalion  and  additional  sections  in 
each  DS  battery  offer  the  most  cost  effective  alternative  to  increase 
artillery  firepower,  a universally  acknowledged  goal. 

A single  mortar  system,  employing  the  improved  81mm  mortar  offers 
improvement  in  logistics,  training  with  no  loss  in  effectiveness. 

An  armored  resupply  capability  in  maneuver  battalions  provides  for 
continued  support  to  units  in  contact. 

The  brigade  consisting  of  up  to  5 DRS  battalions  assigned  to  the  brigade 
offers  the  advantages  of  teamwork  and  does  not  overly  stress  the  tactical 
control  of  the  commander. 

Hardened  TAC  CP  in  M577  or  M 1 1 3 enhance  survivability  on  a battlefield 
subjected  to  intense  threat  artillery  attack. 

Fire  Support  Teams  (FIST)  in  armored  vehicles  with  designators  offer 
improved  support  to  maneuver  forces  and  the  ability  to  capitalize  on  the 
fire  support  available:  artillery,  attack  helicopters  and  tactical  air. 

The  consolidated  Aviation  Battalion  with  the  Air  Cavalry  Troop  and  an 
Attack  Helicopter  Company  represents  the  best  command,  control,  and  support 
organization  for  aviation  assets  and  a base  for  attachment  of  aviation 
elements  from  Corps  or  other  units. 

The  DIVADA  concept  offers  an  improved  solution  for  providing  balanced  air 
defense  coverage  for  the  division  as  well  as  interfacing  with  supporting 
DA  HAWK  battalions. 

The  reorientation  forward  of  the  division  engineers  better  supports  the 
increased  mobilitv-countermobility  role. 

The  expansion  of  the  CABL  concept  further  frees  the  company  commander  to 
concentrate  on  his  primary  mission. 

Incorporation  of  an  EW  and  a chemical  defense  capability  recognizes  the 
realities  of  modern  warfare  and  responds  to  threat  capabilities. 

Weapons  system  oriented  logistics  and  the  fix  forward  maintenance  concept 
improve  operational  readiness  rates  and  reduce  turnaround  time  for  combat 
systems . 
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The  Division  Ammunition  Transfer  Capability  supports  anticipated  high 
ammunition  rates  and  reduces  supply  lines  and  turnaround  times  for 
maneuver  and  artillery  battalions. 

The  conversion  of  transport  to  higher  capability  increases  the  lift  potential 
of  the  division  required  in  light  oi  the  intensity  of  modern  warfare. 

The  Corps  Medical  Evaluation  Battalion  provides  an  acceptable  solution  to 
processing  casualties  on  a highly  mobile  armored  battlefield. 

The  increase  in  officer  leaders  per  major  weapons  system  recognizes  the 
complex,  highly  technical  nature  of  combat  in  a capital  intensive  organization. 

The  increase  of  command  and  control  in  maneuver  units  brought  about  by 
shortened  span  of  control  and  more  communications  enhances  battlefield 
initiative  and  responsiveness  to  rapidly  changing  conditions. 

5.  Organization. 

This  slide  shows  the  organization  of  the  conceptual  heavy  division,  which 
encompasses  our  current  armored  and  mechanized  division. 


HEAVY  DIVISION 


(CONC£?:UAl) 


In  the  interest  of  space,  what  follows  is  a description  of  the  infantry,  tank, 
and  artillery  organizations.  These  units  are  the  focus  for  the  first  phase  of 
the  tests  of  DRS.  For  information  on  the  battalion  and  brigade  size  organiza- 
tions, the  Division  Restructuring  Study  (1  March  1977)  is  available  on  request 

The  smaller  mech  infantry  battalion  is  organized  around  the  same  number  of 
combat  systems  (eventually  the  IFV)  as  the  current  battalion  (41)).  The 
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The  restructured  division  artillery  will  result  in  improved  target 
acquisition,  more  responsive,  accurate  and  flexible  fire  support, 
increased  weapons  densities  and  improved  survivability.  DIVARTY  will  be 
organized  with  a Target  Acquisition  battery,  three  Direct  Support  Bat- 
talions and  one  t'.eneral  Support  Battalion.  The  Target  Acquisition 
Battery  (TAB)  is  focused  primarily  against  enemy  Indirect  fire  systems. 

The  DIVARTY  TOC  is  the  focal  point  for  centralized  management  of  the 
artillery  organic  to  the  division  and  corps  artillery  units  attached  to  or 
reinforcing  the  division  artillery. 


D!V!SiGi!  ARTILLERY 


Direct  support  battalions  in  each  brigade  will  have  four  firing  batteries, 
each  consisting  of  eight  firing  sections,  a fire  direction  element  and  a 
small  headquarters.  This  increased  density  of  firing  units  and  fire  direc- 
tion nets  will  facilitate  multiple,  simultaneous  engagement  of  diverse 
targets.  Batteries  will  continue  to  respond  to  call  for  fire  from  supported 
maneuver  units.  The  DIVARTY  General  Support  Battalion  will  consist  of  four 
firing  batteries,  each  consisting  of  four  firing  sections,  and  FDC  element, 
and  a headquarters.  These  units  will  be  used  primarily  for  counterfire 
and  air  defense  suppression  missions.  When  required,  their  fires  will  be 
used  to  augment  the  fires  of  the  Direct  Support  battalions  supporting  the 
brigades. 

The  restructured  DIVARTY  also  incorporates  the  FIST  concept.  Each  DS 
battalion  will  provide  brigade,  maneuver  battalion  and  company  fire  support 
teams  from  its  organic  HHB.  The  FIST  team  which  supports  the  divisional 
Armored  Cavalry  Squadron,  is  located  in  HHB  of  the  GS  battalion.  For  test 
purposes,  only  enough  company  FIST  teams  will  be  structured  to  support  those 
maneuver  battalions  restructured  for  test. 
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6.  Preliminary  Analysis 


Organizational  change  is  Inevitable  as  new  weapons  systems  enter  the 
inventory.  The  Division  Restructuring  Study  provides  a vehicle  to  manage 
the  change. 

Test  and  analysis  indicates  that  the  Individual  organizations  developed  during 
the  Pilot  Study,  with  some  exceptions,  show  sufficient  merit  to  advance  to 
further  testing. 

The  consensus  of  the  senior  Army  officers  briefed  on  the  study  proposals  is 
that  the  time  is  right  for  change  and  the  changes  proposed  offer  promise  of 
substantially  improving  the  Army  division.  The  National  Guard  favors  the 
changes. 

The  1st  Cavalry  Division  at  Fort  Hood,  Texas  was  selected  by  FORSCOM  as  the 
most  favored  unit  to  serve  as  the  test  unit.  On  22  September  1977,  the  Chief 
of  Staff  approved  a Division  (-)  test  as  the  follow-on  phase  to  this  Fall's 
battalion  testing. 

If  fully  implemented  throughout  the  force  structure,  the  combat  power  of  the 
Army's  heavy  division  and  brigades  could  be  increased  by  12  MK.CH  INF  Bn, 

27  Tank  Bns,  and  520  artillery  tubes  plus  other  improvements  at  a net  cost  of 
approximately  10,000  spaces. 

On  the  basis  of  10  year  investment  and  operating  costs,  the  relative  cost  of 
the  proposed  division  versus  the  current  division  is  approximately  1.16. 

The  full  effectiveness  of  the  division  has  not  yet  been  captured.  It  ranges 
from  very  high  (1.8)  where  small  unit  improvements  have  been  measured  to 
moderately  high  where  the  value  of  small  unit  improvements  and  new  units 
have  not  been  adequately  measured.  In  comparison  with  the  current  armored 
division,  the  restructured  division  is  more  effective  and  worth  the  cost 
of  conversion.  The  results  of  the  evaluations  conducted  from  August  - 


December  1976  were: 

° High  Resolution  War  Game  1.7 
° 3 x 5 Tank  Test  1.8 
o Firepower  Comparison  (WEI/WUV)  1.5 
° Number  of  Major  Weapons  Systems  1.3 
° Division  Level  War  Game  1.3 


Specifically  by  area  of  investigation  we  determined: 
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Area  of  Investigation 

Method 

Outcome 

3 vs  5 Tank  Platoon 
(Ft  Hood,  Sep  76) 

Test 

3 Tank  Platoon  Apparently  More 
Effective . 

6 vs  8 Gun  Battery 

Analysis 

8 Gun  Battery  More  Survivable. 

Most  Cost  Effective.  Alternative 
to  Increase  Firepower. 

Consolidation  of 

Stinger 

Analysis 

More  Effective.  Provides  more 
balanced  coverage. 

Maneuver  Bns 

Manual  War 
Game 

More  Effective.  High  Payoff  in 
Separate  TOW  Company. 

Divis ion 

Computer 

Ass isted 

War  Game 

More  Effective.  Better  Kill  Ratio 
Less  FEBA  Movement 

Logistics 
° Maintenance 

Analysis 

Greater  Returns  by  14  percent. 

° Ammunition  Transfer 
Points 

Analysis 

Capability  to  Meet  High  Usage 
Requirement.  Reduced  Turnaround 

T ime . 

o Upgrade  of  Trans- 
portation 

Analys is 

Higher  capacity  Worth  Cost. 

o CH  47  in  Division 

Analysis 

Not  Cost  Effective. 

7.  The  Test. 

The  overall  evaluation  objectives  for  the  Restructured  Heavy  Division  are 
as  follows: 

— To  determine  the  effectiveness  of  the  clear  alternative  division  as 
compared  to  the  current  armored  division. 

— To  determine  if  the  interface  of  the  clear  alternative  division's 
systems  and  the  related  echelons  above  division  statements  is  effective. 

— To  determine  if  the  clear  alternative  division  organization  lends 
itself  to  more  efficient  and  effective  training. 

There  are  many  ways  to  evaluate  or  look  at  the  operation  of  a division  in 
order  to  accomplish  the  overall  evaluation  objectives.  The  EM  71-100, 
Brigade  and  Division  Operations,  outlines  a systems  approach  to  operations — 
a way  to  consider  the  division  as  a set  of  interacting  and  mutually  sup- 
porting functional  systems.  This  method  can  bring  order  to  understanding 
the  required  interfaces  which  occur  on  the  modern  mobile  battlefield. 
Increasingly,  the  effectiveness  of  our  combat  organization  depends  upon 
the  proper  employment  and  interaction  of  complex  weapons  and  equipment, 
the  training  of  operators  and  crews,  and  supporting  maintenance  and 
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supply  operations.  More  and  more,  these  modern  weapons  and  equipment 
operate  in  the  context  of  functional  systems  and  interface  with  other 
complex  equipment  with  which  there  is  a great  interdependence.  A sys- 
tem is  defined  as  the  aggregate  of  men,  equipment,  materiel,  and  pro- 
cedures organized  as  an  entity  to  perform  a specified  function.  By 
using  this  systems  approach  as  a basis  for  evaluation,  the  commanders, 
staff  officers,  and  evaluators  will  he  able  to  — 

— Evaluate  each  system  of  a given  organization  as  a discrete  entity. 

— Evaluate  the  interaction  or  interface  between  systems  within  or 
between  units. 

— Evaluate  the  adequacy  of  training  and  training  developments 
supportive  of  a specific  system. 

In  the  division  there  are  nine  major  functional  systems,  each  with  a 
variety  of  subelements  and  subsystems.  We  will  address  these  nine  major 
functional  systems  plus  training  and  echelons  above  division.  The 
eleven  systems  addressed  in  the  evaluation  are  as  follows: 

— Command,  control  and  communications  (C*)  system. 

— Maneuver  system. 

— Field  artillery  system. 

— Engineer  system. 

— Combat  service  support  system. 

— Air  defense  system. 

— Electronic  warfare  system. 

— Intelligence  system. 

Air-ground  operations  system. 

— Training. 

— Echelons  above  division. 

The  total  evaluation  effort  has  been  organized  into  four  separate  but 
interactive  phases  to  facilitate  the  planning  and  execution  of  the  evalua- 
tion process,  to  allow  for  incremental  changes  to  concepts/organizations, 
and  to  provide  rationale  for  designated  decision  points.  The  four  evalua- 
tion phases  are  the  developmental  phase,  the  battalion  phase,  the  division 
(-)  phase,  and  the  analysis  phase. 

--  Developmental  Phase  (February  1977  - April  1979).  This  phase  con- 
sists of  several  discrete  but  complementary  activities  including  detailed 
evaluation  and  revision,  as  necessary,  of  the  Restructured  Division 
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Operations  Manuals  (KDOMs) 
Organization  and  Equipment 
units;  and  development  and 
tenanee  standing  operating 


and  restructured  unit  AKTEPs  and  Tables  of 
(T'OEs)  ; restructuring  and  training  of  selected 
evaluation  of  appropriate  tactical  and  main- 
procedures  (SOPs)  by  tested  units. 


— Battalion  Phase  (1  May  1977  - 1 June  1978).  This  phase  will 
consist  of  selected  instrumented  field  exercises,  operational  evaluation 
of  critical  issues  such  as  scout  section  employment  and  fire  support 
coordination,  separate  field  artillery  battery  tests,  as  well  as  execution 
of  the  battalion  test  for  restructured  and  baseline  battalions.  Pour 
each  H-series  and  restructured  battalions,  of  which  two  each  are  mech  and 
armor,  will  be  tested  by  16  December  1977. 

— Division  (-)  Phase  (1  January  1978  - October  1979).  This  phase  will 
consist  of  executing  the  division  (-)  test,  analysis  of  results  and 
preparation  of  reports.  The  division  (-)  test  will  focus  on  and  the 
internal  division  comoat  and  combat  support  organization  and  functions. 

It  will  consist  of  a two  week,  two-sided  tactical  exercise  with  two 
restructured  brigades  in  field  maneuvers,  and  a CPX  with  the  remaining 
brigade  supported  in  each  case  by  the  division  (-)  and  selected  corps 
units . 


— Analysis  Phase  (April  1977  - September  1979).  This  phase  will 
complement  the  other  three  phases.  It  will  provide  the  analytical  support 
needed  to  evaluate  those  aspects  of  the  restructured  division  which  cannot 
be  adequately  addressed  within  the  resource  constraints  of  the  test  program. 


On  22  September  1977,  the  Chief  of  Staff  approved  the  following  test  and 
analysis  time  line  for  the  DRS  program. 


TEST  m ANALYSIS  TIME  LINE 
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8.  Conclusion 

The  DRS  test  harnesses  the  vision  for  the  Army  of  the  1980's.  With  a 
division  dedicated  to  predicting  the  future  organizational  design,  the 
Army  has  an  opportunity  to  manage  change  in  a meaningful,  realistic  way. 
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STATIC  ANALYSIS  - AN  ANSWER  TO  THE  COMPLEXITY  CRISIS 


MR.  NORIG  G.  ASBED 
MR.  L.  STANDLEE  STEENROD 

US  ARMY  CONCEPTS  ANALYSIS  AGENCY 


1.  Apparently  since  Mr.  Hardison's  keynote  address  at  the  XV  AORS,  peo- 
ple are  beginning  to  take  the  complexity  crisis  to  heart  and  letting  sim- 
plicity slip  in  where  so  called  sophistication  previously  reigned.  I am 
reporting  on  one  such  example;  a study  where  a simple,  easily  understood 
methodology  was  used  to  address  a major  Army  question.  While  taking 
credit  for  the  simplicity  of  the  methodology,  this  must  be  tempered  by 

the  immediately  evident  fact  that  we  used  a complex  simulation  in  the  *■ 

study  as  well.  Actually,  we  used  the  two  models  in  parallel  for  compar- 
ative results. 

2.  Let  me  depart  from  generalties  and  describe  specifically  the  study 
and  then  the  methodology.  The  study  was  the  Army  Requirements  for  Close 
Air  Support  (RCAS) . The  title  clearly  describes  the  objective  of  the 

study.  The  setting  was  in  NATO's  Central  Region  and  three  US  ground  » 

forces  were  to  be  considered.  Many  of  you,  I am  sure,  are  familiar  with 
similar  studies  in  the  past.  As  a study,  apart  from  scenario  specifics, 

the  approach  was  pretty  straight  forward:  Drag  out  the  favored  complex  ^ 

theater-level  combat  simulation  model;  insure  air  is  appropriately  con- 
sidered; game  the  alternatives;  publish  the  results.  Right?  Yes;  for 
the  most  part:  But  someone  suggested  that  a simple  formulation  could  do 

the  job  as  well.  Heeding  the  advise,  facts  were  obtained  on  a "static  f 

analysis",  developed  by  Dr.  Payne,  and  used  by  NATO's  Research  Study 

Groups  1 and  6 to  investigate  force  requirements  to  blunt  a Warsaw  Pact 

breakthrough.  When  confronted  with  a simple,  sound  approach  to  our  study, 

and  with  Mr.  Hardison's  speech  ringing  in  our  ears,  what  else  could  we  do 

but  use  it.  However,  we  weren't  completely  free  from  the  pull  of  the 

sophisticated  approach,  read  "complex  model,"  and  therefore  the  theater 

simulation  model,  IDAGAM-I,  was  used  in  parallel. 

3.  Since  I will  later  be  showing  some  comparative  results  between  the 
two  approaches,  let  me  briefly  describe  how  the  IDAGAM  Model  arrived  at 
the  close  air  support  requirements.  For  those  not  familiar  with  IDAGAM, 
it  is  a force  ratio  model  but  not  a firepower  ratio  model.  The  ratio 
can  be  one  of  several  alternatives,  we  used  the  ratio  of  the  forces'  cas- 
ualty potential.  You  will  recall,  the  scenario  was  the  Central  Region, 
and  IDAGAM-I  allowed  the  representation  of  8 corps  sectors.  Two  narrow 
sectors  represented  the  areas  of  main  attacks.  Gaming  a fifteen  day  com- 
bat (a  study  requirement)  without  air  support  gave  the  base  results. 

Since  by  study  definition,  air  requirements  were  those  to  stop  a break- 
through, we  repeatedly  added  increments  of  air  force  to  the  initial  forces 
and  regamed  the  fifteen  day  combat  until  each  corps  sector  held  and  there 
was  no  loss  of  FEBA.  As  a major  departure  from  earlier  studies,  the  CAS 
requirements  were  not  measured  in  sorties,  but  in  armored  combat  vehicle 
kills.  Therefore  the  model  results  of  kills  of  armored  combat  vehicles 
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by  tactical  air  in  this  "no  FEBA  lost"  case  became  the  requirements  for 
close  air  support. 

4.  Undoubtedly  you  now  want  to  deluge  me  with  questions  about  missions, 
priorities,  attrition  levels,  etc.  Let  me  side  step  those  questions  in 
favor  of  discussing  the  simple  methodology  which  of  course  had  none  of 
those  factors  anyway. 

5.  The  "Static  Analysis  Model"  is  based  on  the  philosophies  of  massing 
of  force  and  economy  of  force.  If  we  consider  a single  sector,  essen- 
tially a corps  front,  the  attacker  wants  to  mass  his  force  on  a narrow 
front,  achieving  a sufficiently  large  force  ratio  in  this  narrow,  crit- 
ical subsector  to  result  in  a breakthrough.  Throughout  the  rest  of  the 
sector,  which  the  attacker  may  term  "non-critical , " he  will  economize 
his  forces,  deploying  only  sufficent  forces  to  hold  the  defender.  While 
the  attacker  is  massing,  it  is  assumed  that  the  defender's  forces,  includ- 
ing reserves,  are  initially  uniformly  distributed  across  the  sector.  The 
defender  soon  recognizes  the  massing  in  the  critical  subsector  and  deploys 
his  tank  reserves  to  this  area. 

6.  Now  while  you  have  a mental  picture,  let  me  define  some  terminology. 

For  the  basic  model  there  are  only  four  parameters  to  remember;  two  rep- 
resent the  total  sector  forces  (attacker  and  defender) ; one  represents 
the  critical  subsector  width;  and  one  represents  the  fraction  of  the 
attacker's  force  being  massed.  It  we  consider  the  sector  to  be  any  fixed 
width,  the  width  of  the  critical  subsector  can  then  be  represented  by  a 
fraction,  -f  , of  the  sector  width.  If  the  defender's  forces  (including 
reserves)  in  the  sector  are  represented  by  then  initially  the  defender 
will  have  f Tp  forces  in  the  critical  subsector,  and  (i-f)T0  in  the 
non-critical  subsector.  The  attacker  estimates  -f  and  will  select  his 
total  sector  force  TA  , and  the  fraction  to  mass,  ^ , so  that  the  desired 
holding  force  ratio  is  achieved  in  the  non-critical  subsector,  and  the 
breakthrough  force  ratio  is  acheived  or  exceeded  in  the  critical  subsector. 
If  ^•'T^of  attacker's  forces  are  in  the  critical  subsector,  then 

would  be  the  forces  in  the  non-critical  subsector.  The  initial  force  con- 
figuration is  thus: 
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"f  : Fraction  width  of  the  critical  subsector 


: Defender's  and  attacker's  total  sector  forces,  respectively. 

< f : Fraction  of  attacker's  force  massed  in  critical  subsector. 

To  this  point,  I have  not  described  how  forces  are  measured.  The 
attacker's  forces  were  measured  by  the  number  of  tanks  and  armored  per- 
sonnel carriers;  collectively  to  be  called  armored  combat  vehicles.  The 
defender's  forces  were  measured  by  the  number  of  anti-tank  weapons  systems 
(tank's  and  anti-tank  weapons).  It  was  assumed  that  all  weapons  are 
weighted  equally. 

The  force  ratio  in  the  critical  and  non-critical  subsectors  are: 
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Notice  that  if  the  sector  forces  ^ and  T0  are  determined,  and  the  attacker 
selects  -f  and  the  holding  force  ratio  P nou-cr i t ical , then  4>  is  determined. 

7.  We  assumed  that  the  defender  had  forces  in  reserve  in  the  sector,  say 
fraction  K . The  reserves  (like  the  forces  forward)  were  uniformly  dis- 
tributed in  the  sector,  therefore  the  reserves  in  the  non-critical  sub- 
sector are  K-(  l--f)-TDand  could  be  redeployed.  If  we  assume  only  tank 
components  of  the  reserves  will  be  redeployed,  name  them  ~Tp  t then 
K'(  I - -f ) • Tp  forces  would  be  redeployed  from  the  non-critical  subsector 
the  the  critical  subsector.  The  force  ratio  in  the  critical  sector  would 
become : 
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8.  Having  defined  the  force  ratios,  requirements  for  close  air  support 
are  based  on  lowering  the  ratio  in  the  critical  subsector  to  a value 
which  would  prevent  breakthrough.  Since  the  attacker  is  assumed  to  be 
deploying  only  a holding  force  in  the  non-critical  subsector,  there 
would  be  no  requirement  for  close  air  support  in  that  subsector.  If  the 
defender  estimates  a threshold  force  ratio  in  the  critical  subsector  to 
prevent  the  breakthrough  as  ^critical,  threshold,  then  the  requirement 
for  close  air  support  to  reduce  the  attacker  force  can  be  calculated  from 
the  equation: 
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The  final  equation  of  t he  static  model  thus  determines  t lie  close  air  sup- 
port requirements  to  prevent  a breakthrough  in  terms  of  armored  combat 
vehic le  kills. 


b.  The  static  analysis  portion  of  the  RCAS  study  was  to  address  a con- 
flict of  fifteen  days  duration  composed  of  two  intense  battles  with  an 
intervening  lull  period.  While  application  of  the  static  model  could 
have  been  repeated  for  the  second  battle  after  assuming  loss  factors  and 
loss  exchange  ratios,  certain  difficulties  arise  in  determining  tin*  bat- 
tle's end.  It  was  therefore  decided  to  extend  the  formulation  and 
account  directly  for  these  loss  factors. 

10.  In  order  for  the  defender  to  prevent  the  breakthrough,  the  threshold 
force  ratio  in  the  critical  subsector  must  be  true  at  the  end  of  the 
intense  battle.  Beginning  with  our  previous  equation,  if  we  assume  that 
the  defenders'  losses  will  be  a fractional  loss  p,  and  the  loss  exchange 
ratio  (attacker/defender)  is  C , the  surviving  forces  and  their  force 
ratio  at  the  battle’s  end  becomes; 
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11.  As  you  see,  complexity  is  beginning  to  creep  into  the  formulation. 
Even  so,  two  additional  factors  were  explicitly  treated;  preparatory 
artillery  firing  against  anti-tank  weapons;  and  defender's  attack  heli- 
copters. If  E is  the  fraction  of  anti-tank  weapons  lost  to  preparatory 
artillery,  and  is  the  attacker's  losses  to  attack  helicopters,  the 

force  ratio  appears  finally  as: 
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which  is  the  defender's  force  in  the 
subsector  at  battle  initiation. 

critical 

and,  ( TD-~l"p)  are  the  anti-tank  weapons  of  the  defender's  force. 
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12.  Supporting  equations  are  necessary  to  determine  the  attack  heli- 
copters kill  con tr ibut ion.  They  are: 


/helicopter  ACV\  /number  of  Y/availaWUcv)>'rtles\  /ACV  kills  \ 
Vkills  per  day  / Vhelicop ters/  k / y>er  day/ \per  sortie/ 

and, 


helicopter  \ m / number  of  WavailabUU  v^rt  iesW  helicopter  \ 
losses  per  day/  (^helicopters/  k '/[per  day/  (losses  per  day/ 


This  set  of  extended  equations  is  known  as  the  Quasi-Dynamic  Model.  I 
might  note  at  this  point  that  this  equation  can  he  programed  on  a hand 
calculator  in  a very  few  steps. 

13.  Applying  the  Quasi-Dynamic  Model  to  the  study  scenario,  required  the 
selection  of  values  for  the  parameters.  Also,  to  amass  the  close  air  sup- 
port requirement  across  the  Central  Region,  each  sector  was  treated  sep- 
arately and  the  ACV  kill  requirements  summed.  The  force  totals  in  each 
sector  are  essentially  set  hy  the  scenario  years,  1977  and  1982,  and  the 
warning  times.  The  value  selection  for  the  remaining  parameters  was  the 
subject  of  much  discussion.  To  some  degree,  we  benefited  from  prior  dis- 
cussions within  the  MATO  Research  Study  Croups.  After  examining  some 
suggested  values  and  conducting  some  sensitivity  analysis,  the  following 
values  were  selected. 


R 


non-critical 

K = 

^critical,  threshold 
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selected  such  that  the  width  of  the  critical 

subsector  was  15  kms. 

1.5;  force  ratio  in  non-critical  subsector. 

.25;  fraction  of  defender's  forces  in  reserve. 

A;  force  ratio  to  prevent  breakthrough. 

.1  and  .3;  fraction  of  defender  anti-tank 

weapon  losses  to  preparatory  fire 
for  first  and  second  battles 
respectively. 

.25;  fraction  of  defender's  force  lost. 

2;  exchange  ratio  (attacker/defender). 


These  values  were  all  selected  before  comparison  with  the  1DACAM  results. 
Remaining  assumptions  for  application  of  the  methodology  were: 

a.  The  two  intense  battles  would  be  three  days  in  length. 

b.  In  tne  non-critical  subsector,  as  well  as  in  the  period  between 
the  two  battles,  it  was  assumed  that  the  attacker  accepts  10  percent  loss 
of  his  forces  equally  inflicted  by  the  defender's  ground  forces  and  close 
air  support. 
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c.  Attack,  helicopter  performance  was  assumed  to  duplicate  the  COEA 
for  the  AH-1S  helicopter  with  extended  range  TOW. 

14.  Having  previously  described  the  IDAGAM-I  approach  to  the  study,  let 
me  use  IDAGAM's  close  air  support  requirements  for  the  three  force  con- 
figurations as  a base  and  show  the  close  air  support  requirements  from 
the  Quasi-Dynamic  Model  as  a percentage.  The  requirements  are  as  follows: 

Quasi-Dynamic 

Force  Configuration  CAS  Requirement 

(Percent  of  IDAGAM  Requirement) 

1 99 

2 93 

3 115 

While  there  are  a few  qualifiers,  I could  add  to  temper  these  close 
results,  Mr.  Hardison's  sixth  prerequisit  in  his  AORS  XV  talk  already 
challenged  me  to  accept  the  usual  finding  that  the  results  from  the  simple 
model  and  the  complex  model  will  be  close. 

15.  In  closing,  I can  say  that  the  RCAS  Study  has  become  very  popular. 

Is  it  popular  because  of  the  stated  CAS  requirement;  or  is  it  popular 
because  the  methodology,  at  least  the  Quasi-Dynamic  portion,  is  simple 
and  understandable?  Looking  ahead  to  the  80 's,  I expect  simple  models 
to  reappear  in  Army  studies.  The  Quasi-Dynamic  methodology  will  likely 
be  appearing  in  other  CAA  studies;  that  is  if  we  can  fight  off  those  who 
want  to  make  it  more  comprehensive,  sophisticated  and  complex'. 


A Static  Model  of  Combat  Between  Air  Forces 
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The  model  that  follows  applies  to  the  air  battle  the  same  principle  of  concentration 
that  was  used  for  the  ground  situation  in  the  main  paper.  The  purpose  of  this  model  is  to 
show  the  instantaneous  force  ratio  between  Red  and  Blue  (attacking/defending)  aircraft  over 
Blue  defended  areas  where  Red  is  making  a main  attack  effort , as  a function  of  various 
situational  and  tactical  variables.  Red  and  Blue  start  with  their  forces  in  some  overall 
ratio.  R.  Red's  objective  is  to  maximize  his  local  force  ratio  over  critical  areas  by  con- 
centrating his  attack  in  time  and  space  as  much  as  he  can.  while  performing  other  necessary 
and  diversionary  attacks.  Blue's  objective  is  to  minimize  Red's  force  ratio  advantage  over 
the  critical  areas  by  appropriate  force  utilization  and  tactics,  while  not  perfectly  knowledge- 
able of  Red's  plans. 

If  some  total  number  of  aircraft  in  a force  must  be  assigned  uniformly  to  individual 

protected  areas  or  sectors,  then  the  number  of  aircraft  assigned  to  each  sector  is 
total  number  ,,  ,, 

numbe’-  of  se>~t  ms'  f 3 the  aircraft  could  Ay  aH  day  then  this  ratio  would  describe 
the  number  of  aircraft  in  the  air  over  each  sector  at  any  time.  However,  if  flying  time 
is  restricted,  then  the  number  of  aircraft  in  the  air  at  any  time,  uniformly  distributed 
over  time,  must  also  be  related  to  the  fraction  of  the  time  that  the  aircraft  can  fly. 

Then,  the  basic  relationship  on  which  this  model  is  based  is  that  the  number  of  aircraft, 
n,  out  of  a uniformly  distributed  aircraft  force.  F,  that  exist  at  any  time  over  some 
area  or  sector  is  given  by: 


F Sjh 


(11 


W'here  s4  is  sorties  per  day  (per  aircraft),  h is  hours  per  sortie  (per  aircraft),  A is 
the  number  of  sectors  over  which  the  aircraft  can  appear,  and  d is  the  number  of  hours 
per  day  during  which  the  n aircraft  are  over  the  particular  area  under  consideration. 

The  units  of  n are  aircraft  per  area  or  sector  protected.  The  equation  really  describes 
a CAF  situation  (i.e.  . h is  time  over  the  area).  For  small  distance  to  travel  by  high- 
speed aircraft,  such  as  might  lie  typical  of  fairly  small  sectors  over  the  Central  front 
in  Western  Europe,  the  technicality  can  be  neglected.  For  other  situations,  however, 
such  as  defense  of  the  Continental  United  States  or  European  operations  where  defense 
aircraft  fly  from  distant  bases,  the  difference  is  important  because  h will  be  considerably 
less  than  total  sortie  time.  Thus  Eq.  (1)  implicitly  involves  the  kev  aircraft  parameters 
of  range,  speed,  and  endurance. 
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Let  Red  be  the  attacker  and  have  an  aircraft  force,  F„,  of  which  he  wants  to 
reserve  kF,  for  use  at  times  or  for  purposes  other  than  his  mam  (concentrated)  attacks;' 
and  let  Blue  be  the  defender  and  have  a force,  F,  of  which  he  wants  to  reserve  mF,  to 
throw  against  the  main  Red  attack.  He  will  have  (1-m)  Fe  aircraft  to  use  in  generalized 
or  distributed  defense.  Some  of  this  fraction  of  the  force  will  appear  above  the  sectors  of 
main  Red  attack  and  some  will  appear  (or  be  held  ready  to  appear)  over  the  other  sectors 
where  Blue  chooses  to  defend  because  Red  may  attack.  Let  Blue  also  have  a force.  iFs  , 
that  he  can  add  to  his  defense  from  outside  the  battle  area.  " Red  has  no  awareness  that 
AF,  will  be  used  for  air  defense  (perhaps  because  the  decision  will  be  ad  hoc). 

Red  is,  however,  assumed  to  be  aware  of  A,  Fg,  and  m,  + and  desires  to  maintain 
some  balancing  force  ratio,  r,  in  diversionary  and  supporting  attacks  against  sectors 
outside  those  of  his  main  attack,  while  the  main  attack  is  under  w-ay.  The  number  of 
aircraft  he  has  available  for  his  concentrated  effort  is  therefore  (1-k)  F„,  less  the  number 
of  aircraft  he  must  use  to  maintain  r.  If  he  will  concentrate  his  main  attack  over  some 
fraction  of  the  defended  sectors,  fA  . then  the  aircraft  he  has  available  for  his  main  attack 
are 

(1-k)  F,-  r (1-m)  (l-fA ). 

Red  will  also  concentrate  his  main  attack  into  some  fraction,  fT  , of  a 24  hour  day.  Then 
the  number  of  Red  aircraft  over  each  sector  of  main  attack  (or  critical  area)  is,  from  (1), 

[(1-k)  F„  - r (1-m)  (l-ft)?  (sdh). 

= (fA  • A)  (fT  • 247 

The  number  of  Blue  aircraft  that  can  appear  over  each  critical  area  is  made  up  of; 
the  number  from  the  fraction  of  the  force.  (1-m)  Fg  , that  would  "normally"  appear  or  be 
held  ready  to  appear  there,  remembering  that  the  (1-m)  F,  aircraft  are  uniformly  distributed 

*E.g. , attack  at  other  times  than  those  of  the  main  effort,  or  attacks  on  other  fronts  so 
that  the  aircraft  are  unavailable  for  the  main  attack. 

•'This  could  be.  e.g. , part  or  all  of  an  air-defense-capable  force  that  had  been  assigned 
to  ground  attack  missions. 

*We  grant  him  this  intelligence  advantage  because  he  is  the  attacker  and  has  "infinite  ' 
time  to  prepare. 


over  all  protected  areas  and  times  given  by  d in  Eq.  (1);  the  number  from  the  fraction 
of  the  force.  mF,  , that  can  appear  over  each  critical  area  at  the  critical  time;  and  the 
number  from  aF8  that  can  similarly  appear.  Then,  again  from  (1), 


(i-m ) F,  (s.h),  mF,(r  ,h)g  AFB  (sah)9 

A ’ 24  * (f,  ■ A)  (ft  • 24)  + (f,  • A)  (fT  • 24) 


(3) 


(sah)9 

lf  We  let  Tij’h).  = e (the  relative  times  in  the  air  of  aircraft  from  the  opposing  forces), 

and  let  the  overall,  initial  force  ratio  be  R = F,/Fe  , then  the  local  (Red/Blue)  force  ratio 
over  the  critical  areas  (sectors  where  Red  concentrates  his  attack)  is 


n. , 


or,  for  convenience, 


1 [(1  -k)  R - r (1-m)  (1-f,)] 

S r(l-m)  f,  f,  + m]  + A Fe 


(4) 


m = i 6 

e o + (5) 

Fe 

If  Blue  wants  to  achieve  some  local,  critical  force  ratio,  after  he  has  started  with  a 
force,  Fs , by  adding  aF,  , then 


AF, 


(6) 


where  i and  - are  defined  in  Eq.  (5).  The  number  of  Blue  aircraft  drawn  from  F,  that 
are  instantaneously  over  any  Red  sector  of  concentration  are 


F„  (s.h). 
A • 24 


ru-m)*-—  1 


’.17 


(7) 


The  number  of  augmentation  aircraft  contributed  by  iF(  must  still  be  distributed  over  the 
sectors  and  times  of  main  Red  attack,  giving 


dF.  is,  hi, 

= (f4  . A)  (fT  ■ 24) 


(8) 


additional  aircraft  over  each  sector. 

The  model  is  useful  for  first-order  assessments  of  trends  as  force  sizes,  force 
characteristics,  tactics,  and  strategies  in  an  air  war  are  changed.  Its  utility  can  be 
illustrated  by  an  example  of  the  kinds  of  results  it  gives.  Assume  the  following  parameters 
to  remain  fixed:  k » . 25;  r = 1;  f,  = . 1 (i.e. . Red  reserves  25%  of  his  force  for  other 
purposes  than  his  main  effort:  tries  to  maintain  a force  ratio  of  1 by  drawing  on  his  main- 
effort  force  for  diversionary  arracks  in  areas  outside  those  of  his  main  effort;  and  concen- 
trates his  main  effort  into  a time  period  of  about  24  hrs).  The  parameters  A,  f,  , F„  and 
F#  are  variable,  by  scenario  and  strategy  or  tactics.  Values  of  F„  are  150.  250.  400. 
s4,  ( =2.5  and  h,  g = 1 are  reasonable  for  modern  combat  aircraft,  although  they  vary 
with  scenario.  The  number  of  aircraft  Blue  reserves  to  meet  the  main  Red  effort,  m, 
is  a primary  tactical  variable.  It  can  be  treated  two  ways:  a fixed  number  of  aircraft 
can  be  used  for  distributed  defense,*  with  the  remainder  of  the  defending  force  (however 
large  it  may  be)  held  in  reserve  to  meet  the  main  attacks;  or  a fixed  fraction  of  any 
defending  force  can  be  held  in  reserve  for  the  purpose.  In  the  first  case,  values  of 
m.  = .25,  .5.  .75  are  associated  with  F.  = 150;  the  number  of  aircraft  used  in  distributed 
defense  is  thus  determined  and  held  constant  as  F(  varies,  allowing  m to  seek  its  own 
value  based  on  FB.  In  the  second  case,  values  of  m = .25,  .5.  .75  are  held  constant  for 
any  size  force,  F,. 

Table  1 lists  the  parameters  of  four  scenarios,  associated  with  defense  of  a 
postulated  Blue  force  deployment: 


E.g.  , in  CAP  over  the  defended  areas,  or  on  strip  alert  to  defend  when  Red  approaches 
those  areas,  onlv. 


TABLE  1.  Sample  Scenarios 


Scenario 

No. 

Defended 

Sectors 

Blue  Strategy 
(Sectors 
Defended  by 
Aircraft) 

Red  Attack 
Force 

Red  Strategy 
.(Concentration 
of  Main  Attack) 

Relative  (Blue/Red) 
Time  Over  Target 
Areas 

1 

4 forward  corps 
+ rear  area 

A * 5 , f , * . 4 

Defend  all 

sectors 

800 

Attack  2 for- 
ward corps, 
only 

o = 1 

2 

As  above;  A*5 
f«  3 -4 

Defend  all 

sectors 

1100 

Attack  1 for- 
ward corps  + 
rear  area 

0 * 1 

3 

A = 3 
f,  = . 0" 

Defend  where 
attacked, 
plus  1 other 
sector 

700 

Same  as 
Scenario  2, 
except , 
fighters  with- 
held for  air 
defense  of 

Red  area 

e = l 

4 

A = 3 
f»  ” -67 



Same  as 
Scenario  3, 
except  fly 
from  bases 
farther  to  the 

rear 

1100 

Same  as 
Scenario  2 

^ 0 = .67 

Reduced  Blue  time 
over  protected 
sectors) 

Figure  1 shows  the  effects  of  changes  in  some  of  the  primary  variables  on  force  ratio 
over  the  main  battle  sectors  (critical  areas),  for  the  different  scenarios.  The  patterns  are  the 
same  in  all  the  scenarios,  but  the  levels  of  p differ  as  numbers  of  Blue  and  Red  aircraft,  and 
other  variables,  change.  It  is  clear  from  the  figure  that  the  closer  Blue  approaches  to 
using  all  his  aircraft  for  distributed  defense  (m  —0),  the  easier  it  is  for  Red  to  increase 
his  force  ratio  advantage  over  the  critical  areas  by  concentrating  his  efforts.  Conversely, 
if  Blue  can  learn  where  Red  is  concentrating  (despite  the  "noise"  of  the  diversionary 
attacks)  with  enough  confidence  to  reserve  most  of  his  force  to  meet  the  main  Red  attack 
(m — * 1),  then  he  can.  by  concentrating  his  defense,  essentially  prevent  Red  from  achieving 
a better  force  ratio  than  the  initial  for>.e  ratio,  R,  despite  Red's  concentration.  (Red  has. 
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of  course,  other  options  not  examined  here,  via  k and  r. ) This  perhaps  illustrates 
quantitatively  the  value  of  intelligence,  and  is  in  fact  reminiscent  of  the  RAF  operations 
during  the  Battle  of  Britain.  Not  shown,  but  apparent  by  inspection  (comparing  Scenario  4 
.with  the  others),  a technical  advantage  in  sortie  rate  and/or  duration  (or  base  proximity 
'to  the  fighting  area)  can  help  either  side  shift  the  local  force  ratio  in  the  critical  area  in 
a favorable  direction.  Clearly,  also,  it  is  better  for  Blue  to  keep  a constant  number  of 
aircraft  in  distributed  defense,  rather  than  a constant  fraction  of  his  force,  as  force  size 
varies,  in  terms  of  reducing  Red's  force  ratio  advantage.  Comparison  of  Scenario  2 
with  Scenario  3 results  shows  that  Red  might  lose  a large  potential  advantage  by  with- 
holding a substantial  part  of  his  force  for  defense.  Another  way  of  looking  at  this  com- 
parison. however,  would  be  to  note  that  if  Red  can  successfully  prevent  Blue  from 
anticipating  Red's  strategy  well  enough  to  concentrate  against  it,  (i.e. , he  forces  m — * 0), 
Red's  initial  quantitative  advantage  can  help  him  multiply  his  attack  force  ratio  and  reserve 
some  aircraft  for  defense  as  well. 

These  variations  also  illustrate.  Implicitly,  the  importance  of  effective  command, 
control,  communications,  warning,  etc. . --all  those  things  that  are  collected  under  the 
heading  of  C^.  The  equations  describe  force  ratio,  but  not  the  engagement  of  forces.  The 
objectives  of  the  two  forces  are  different,  since  all  Red  aircraft  are  flying  after  ground 
targets  which  they  know  how  to  reach  while  all  Blue  aircraft  are  seeking  to  meet  the  Red 
aircraft  and  stop  them  by  diversion  or  destruction.  The  effective  force  ratio  therefore 
depends  on  the  fraction  of  the  Blue  aircraft  that  do  reach  individual  targets  at  the  appropriate 
places  and  times;  that  fraction  will  be  1 only  if  is  perfect,  so  that  Fig.  1 can  be  said  to 
represent  the  best  that  Blue  can  do.  (Further  consideration  of  the  complicating  significance 
of  Red  escorts,  Red’s  problems  in  acquiring  ground  targets,  etc. , is  left  as  an  exercise 
for  the  reader. ) 

It  is  apparent  from  Fig.  1 that  although  Blue  can  operate  so  as  to  inhibit  Red’s 
concentration  from  yielding  a very  large  force  advantage  in  a critical  area,  it  is  not  easy 
for  Blue  to  overcome  an  initial  force  disadvantage,  except  by  improving  (s4h)  or  by  increasing 
his  numbers  (assuming  he  has  solved  his  intelligence  and  C°  problems  to  good  advantage). 
Figure  2 shows  the  number  of  Blue  aircraft  that  would  be  required  to  hold  Red  to  a local 


NO.  Of  A/CFO**' 


force  ratio  of  2 in  the  critical  area  (c'  = 2),  as  a function  of  initial  force  ratio,  R,  in 
Scenario  1 (j'a2  might  be  an  appropriate  goal  if.  for  example.  Blue's  aircraft  were 
believed  good  enough  to  achieve  an  exchange  ratio  of  2 against  Red).  The  total  number 
of  aircraft  required,  (F,  + aF,).  does  not  vary  strongly  with  m0 . or  at  all  with  R,  in 
_the  case  where  a constant  number  of  aircraft  is  assigned  to  distributed  defense.  This 
is  another  argument  for  that  strategy- -it  is  less  sensitive  to  initial  uncertainty. 

Figure  3 shows  (F(  + aF,  ) for  the  various  scenarios  (aF#  might,  for  example, 
be  drawn  from  a dual-capable  aircraft  force  that  had  been  assigned  attack  missions).  The 
most  difficult  scenario  for  Blue  is  No.  4,  where  Red  has  a sortie  duration  advantage.  Even 
here,  however,  Blue  can  keep  Red  from  achieving  a force  ratio  > 2,  almost  regardless  of 
his  strategy  in  reserving  forces,  with  approximately  half  of  Red’s  force;  in  the  other  cases, 
this  can  be  done  with  less  than  half.  The  entire  figure,  then,  illustrates  the  assignment 
flexibility  inherent  in  a multi-purpose  air  force,  when  there  is  great  uncertainty  about 
how  the  battle  will  develop.  (The  technical  problems  for  Blue  of  achieving  a 2:1  exchange 
ratio  in  the  face  of  a numerical  disadvantage  of  2:1,  under  conditions  that  are  probably  as 
close  to  "Lanchester- squared"  as  any  combat  situation  would  allow,  should  not  be  under- 
estimated, although  such  achievements  have  not  been  unknown  in  recent  conflicts. ) 

Another  possibility  to  achieve  the  equivalent  of  • 2 (or  any  other  value)  would  be 
to  add  only  part,  or  none,  of  aF,  as  aircraft,  but  to  add  the  equivalent  capability  as 
ground-based  Blue  defenses.  Establishing  equivalence  between  aircraft  and  ground-based 
defenses  is,  of  course,  a major  analytical  problem.  It  might  be  done,  for  the  airspace 

over  a defended  area,  in  terms  of  comparable  Pr  or  attrition  potential  against  Red  attackers. 
Thus,  the  number  of  SAMs  (e.g. ) that  could  shoot  down  the  same  number  of  enemy  aircraft 
as  AF,  during  the  time  (s,h)  might  be  substituted  for  aF,  and  the  costs  compared.  This 
very  restricted  view  of  the  air  defense  force  tradeoff  would  not.  however,  by  itself  permit 
choice  of  systems  or  system  mixes,  since  the  alternate  uses  of  aircraft  and  alternate 
measures  such  as  net  damage  inflicted  or  sustained  by  Blue  or  Red  ground  targets  are  not 
included  in  the  problem;  it  would  simply  be  an  indicator  of  where  the  proportioning  of  a 
mix  might  start. 

It  is  possible,  also,  to  use  this  model  formulation  and  illustration  to  characterize 
some  of  the  intuitively  obvious  tradeoffs  between  aircraft  and  ground-based  air  defenses. 

The  factor  f,  depends  in  part  on  the  number,  out  of  the  total  possible,  of  sectors  within 


Blue's  total  area  that  Blue  chooses  to  defend  with  aircraft.  Elsewhere,  there  are  no 
defending  aircraft  assigned,  so  that  other  defenses,  to  some  level,  are  needed.  This 
applies  also  to  the  possibility  that  attacks  will  come  at  times  during  which  Blue  aircraft 
cannot  appear  over  the  areas  to  be  defended,  because  they  are  being  serviced  or  are 
assigned  otherwise.  These  facts,  alone,  argue  for  a mix  including  SAMs,  since  if  Blue 
were  to  use  only  aircraft  for  defense  the  only  way  he  could  minimize  the  time  and  space 
left  uncovered  would  be  to  spread  his  aircraft  more  uniformly . thus  helping  Red  maximize 
the  force -ratio  gains  from  concentration. 

On  the  other  hand,  the  choice  by  Blue  of  F§,  A,  and  m highlights  the  flexibility 
and  mobility  of  the  aircraft  for  defense.  For  the  SAM  defenses  will  be  designed  {at  some 
level)  to  meet  the  main  attack.  Since  SAMs  are  in  ground  units  or  deployed  over  specified 
terrain,  and  their  mobility  corresponds  to  that  of  ground  units  (or  occasional  helicojxer 
lift)  they  can't  be  shifted  fast  enough  over  all  A to  concentrate  against  a specific  attack; 
and  successive  attacks  can  come  in  diverse  places  and  at  (almost)  arbitrary  times. 
Therefore  Blue's  "off-peak”  and  "out-of-main-area"  ground  forces  have  to  carry  all 
the  freight  of  defense  systems  designed  primarily  to  help  protect  them  if  they  are  subject 
to  a main  attack,  but  clearly  excess  for  other  conditions. 

The  reflections  on  the  force  ratio  model  results  and  their  implications  thus 
illustrate  analytically  the  qualitative  advantages  and  penalties  of  each  arm  of  the  active 
air  defense  duo;  in  the  face  of  arbitrary  Red  choice  for  times  and  places  of  attack, 
defense  aircraft  in  a given  force  are  "infinitely"  assignable,  but  not  always  available 
when  and  where  they  are  needed;  ground-based  defenses  fill  the  gap,  but  are  excess 
baggage  and  not  easily  accessible  for  use  elsewhere  when  the  forces  they  protect  are  not 
under  attack.  The  model,  taken  in  conjunction  with  other  analyses  of  specific  questions, 
can  help  "size"  the  various  defense  components,  at  least  in  rough  first  approximation  to 
establish  the  ranges  of  force  size  parameters  that  should  be  considered  in  more  careful 
and  sophisticated  analyses. 
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ABSTRACT:  The  provisioning  efforts  conducted  at  this  Headquarters  are 
experiencing  long  lead  times.  This  study  was  undertaken  to  outline  the 
provisioning  system  as  prescribed  in  the  Commodity  Command  Standard 
System  (ALPHA),  SOP's  of  the  Maintenance  and  Materiel  Management  Direc- 
torate, and  appropriate  Army  Publications.  Once  the  flow  was  determined, 
the  system  was  simulated  using  GPSS.  Critical  problem  areas  were  iden- 
tified and  proposed  changes  in  the  system  evaluated.  Sensitivity  analyses 
were  performed  to  determine  the  overall  effect  of  these  changes  on  a 
provisioning  effort. 
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SUBJECT:  Analysis  of  the  Provisioning  System  as  Applied  at  HQ,  ARRCOM 


AUTHOR:  CPT  Larry  W.  Krueger 

ORGANIZATION:  HQ,  ARRCOM,  DRSAR-SA,  Rock  Island,  1L  61201 

I.  BACKGROUND 

Provisioning  is  a management  process  for  determining  and  acquiring 
the  range  and  quantity  of  support  items  (repair  parts,  special  tools, 
test  equipment,  etc.)  necessary  to  operate  and  maintain  weapon  system 
or  end  item  for  an  initial  period  of  service.  The  provisioning  process 
consists  of  a series  of  critically  timed  actions  extending  over  a wide 
range  of  functions.  These  functions  include  design,  maintenance  planning, 
requirements  determination,  item  entry  control,  cataloging,  procurement, 
and  contract  administration.  In  order  to  be  effectively  accomplished, 
the  provisioning  process  must  be  performed  as  a coordinated  military  and 
civilian  developer  effort. 

Planning  for  provisioning  should  begin  early  in  the  life  cycle  of  a 
weapon  system  or  end  item  of  military  design,  or  before  the  procurement 
of  an  adopted  commercial  system.  Provisioning  planning  is  performed  to 
insure  that  appropriate  standards  and  specifications  are  included  in 
preproduction  and  production  contracts.  Early  provisioning  planning, 
however,  is  influenced  by  design  changes  that  may  occur  as  the  weapon 

Ii’.  system  or  end  item  is  developed.  In  addition,  design  changes  to  a 

fielded  weapon  system  or  end  item  must  be  monitored  to  insure  that  the 
many  required  provisioning  actions  are  accomplished  so  that  adequate  ini- 
tial support  for  the  modified  weapon  system  or  end  item  is  provided. 

General  principles  that  apply  in  performing  an  initial  provisioning 
effort  are: 

1.  Begin  provisioning  planning  early  in  the  material  life  cycle. 

This  planning  is  an  essential  segment  of  the  integrated  logistic  support 
plan  (ILSP) . 

2.  Screen  manufacturer's  part  numbers  and  other  reference  number  data 
to  insure  that  unnecessary  or  duplicate  items  do  not  enter  the  wholesale 
and  retail  supply  systems. 

3.  Compute  initial  support  requirements  utilizing  the  latest  produc- 
tion and  delivery  schedules  and  test  data  (OT/DT).  The  requirements  should 
take  into  consideration  minimum  operating  levels  and  repair  or  overhaul 
pipeline  quantities  in  order  to  insure  supply  system  and  support  maintenance 
responsiveness. 

4.  Maximize  the  use  of  existing  resources  rather  than  initiate  new 
procurement . 

5.  Minimize  initial  investment  costs  of  repair  parts  by  using  phased 
provisioning  and  other  techniques. 
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6.  Allow  sufficient  time  to  insure  that  all  provisioning  functions 
(cataloging,  assignment  of  stock  numbers,  etc.)  are  accomplished. 

Provisioning  is  generally  classified  as  three  basic  types:  initial, 
follow-on,  and  reprovisioning.  Initial  provisioning  is  the  first-time 
provisioning  of  a new  weapon  system  or  end  item,  follow-on  provisioning 
is  the  subsequent  provisioning  of  the  same  system  by  the  same  contractor, 
and  reprovisioning  is  the  subsequent  provisioning  of  the  same  system  by 
a different  contractor.  These  basic  forms  of  provisioning  can  be  modi- 
fied by  the  use  of  "phased  provisioning".  "Phased  provisioning"  is  a 
concept  in  which  the  quantities  of  selected  initial  support  items  are 
computed,  but  the  procurement  of  most  of  these  items  is  deferred  until 
latter  stages  of  development.  This  deferral  permits  costs  to  be  spread 
over  several  fiscal  years;  allows  for  the  incorporation  of  the  latest 
design  changes,  development  of  firm  operational  and  maintenance  plans, 
and  completion  of  deployment  plans. 


II.  OBJECTIVE 

The  objective  of  this  study  was  to  outline  the  provisioning  process, 
to  analyze  problem  areas  and  to  evaluate  proposed  changes  to  the  current 
provisioning  process. 


III.  STUDY  APPROACH 

The  procedures  for  accomplishing  a provisioning  action  were  described 
in  a network  (Inclosure  1)  by  utilizing  appropriate  CCSS  standard  operat- 
ing instructions  (CCSSOI),  publications,  and  contributions  from  personnel 
within  the  Maintenance  and  Materiel  Management  Directorates.  The  network 
was  then  simulated  using  the  General  Purpose  Simulation  System  (GPSS) 
developed  by  the  Science  Research  Associates,  Incorporated,  a subsidiary 
of  IBM. 

The  time  to  complete  a provisioning  process  could  not  be  determined 
from  historical  data,  however,  a generalized  time  estimate  was  developed 
by  the  provisioning,  supply,  and  cataloging  personnel  of  the  Maintenance 
and  Materiel  Management  Directorates.  This  estimate  was  used  to  aid  in 
verifying  the  simulation  results.  This  study  covers  the  provisioning 
process  from  the  time  that  the  Provisioning  Branch  of  the  Maintenance 
Directorate  receives  the  provisioning  data  from  a developer  until  the 
entire  provisioning  package  is  ready  for  procurement  action.  This  process 
time  plus  the  administrative  leadtime-*-  for  the  acquisition  of  secondary 
items  indicates  total  processing  time  within  HQ,  ARRCOM. 

IV.  BASELINE  ANALYSIS 

The  GPSS  model  was  structured  to  simulate  the  provisioning  process 
within  the  Maintenance  and  Materiel  Management  Directorates  to  provide 


R.  C.  Banash,  et  al.  Secondary  Administrative  Lead  Time  Simulation  Study. 
SAO  Note  2,  Systems  Analysis  Office,  ARMCOM,  Rock  Island,  IL,  June  74. 
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a quantitative  estimate  of  the  processing  time  required  for  a provisioning 
effort. 

GPSS  provides  a standard  set  of  statistics  for  three  distinct  entities: 
facilities,  storages,  and  queues.  A facility  can  process  only  one  trans- 
action at  a time;  for  instance,  in  the  simulation,  the  Configuration  Control 
Board  (CCB)  is  considered  a facility  because  only  one  engineering  change 
proposal  (ECP)  is  reviewed  at  a time.  A storage  can  process  multiple  trans- 
actions. The  capacity  of  a storage  or  the  number  of  transactions  can  be 
specified  or  the  GPSS  compiler  program  will  assign  the  capacity  as  (2^1  - 1). 
A keypunch  operation  is  considered  as  a storage,  since,  for  example,  the 
Maintenance  Directorate  may  have  three  keypunch  machines  and  three  operators 
available.  A queue  or  waiting  line  accounts  for  the  amount  of  time  a trans- 
action is  delayed  from  entering  a facility  or  storage.  All  facilities  and 
storages  had  queues  associated  with  them. 

An  iteration  consists  of  tracing  the  flow  of  a provisioning  effort 
from  initiation  to  termination.  When  establishing  times  used  in  the  model, 
it  was  agreed  that  a provisioning  effort  would  consist  of  processing  five 
hundred  selection  worksheets  (SW)  through  the  system.  A selection  work- 
sheet is  the  basic  building  block  for  a provisioning  effort.  Each  selec- 
tion worksheet  contains  all  the  provisioning  data  for  each  component  of 
the  system  that  is  identified  by  a manufacturer's  part  number  or  reference 
number  (REFNO).  Initially,  these  worksheets  are  prepared  by  hand  and 
verified.  They  are  then  keypunched  and  processed  through  CCSS  and  are 
converted  to  automated  SW  overprints.  This  action  creates  the  Provision- 
ing Master  Data  Record  (PMDR)  and  other  provisioning  related  files.  The 
need  to  create  the  selection  worksheets  by  hand  will  be  virtually  elimi- 
nated once  the  use  of  Logistical  Support  Analysis  (LSA)  is  fully  imple- 
mented. A bridging  program  will  convert  the  data  generated  by  LSA  directly 
into  the  CCSS  files  and  all  selection  worksheets  will  be  overprinted.  This 
will  eliminate  the  time  needed  to  manually  prepare  the  provisioning  data 
for  input  to  CCSS.  LSA  should  also  provide  more  accurate  and  complete 
initial  input  and  redirect  errors. 

Table  1 compares  the  simulation  results  with  the  original  March  1976 
estimate. 

TABLE  1.  COMPARISON  OF  THE  SIMULATION  RESULTS  WITH  THE  MARCH  76 
MAINTENANCE  AND  MATERIEL  MANAGEMENT  DIRECTORATES  ESTIMATE 


Simulation 

265  (Calendar  Days) 

Estimate  (Mar  76) 

239 

Dif  ference 

26 

The  26  day  difference  between  the  simulation  results  and  the  March  76 
estimate  was  discussed  with  representatives  of  the  Maintenance  and  Materiel 
Directorates.  The  consensus  was  that  the  number  of  days  developed  in  the 
simulation  was  a truer  representation  of  the  length  of  time  needed  to  com- 
plete a provisioning  effort.  The  March  '76  estimate  did  not  fully  account 
for  the  time  needed  to  correct  errors  and  the  possible  need  for  resubmission 


of  data  for  National  Stock  Numbers  (NSN)  to  the  Defense  Logistics  Service 
Center  (DLSC)  and  Defense  Supply  Agency  or  General  Services  Administration 
(DSA/GSA). 


V.  SENSITIVITY  ANALYSIS 

The  sensitivity  of  the  following  system  factors  was  investigated: 

a.  There  were  six  unfilled  positions  In  the  Provisioning  Branch  ot 
the  Maintenance  Directorate.  The  opinion  was  that  tills  shortage  of  per- 
sonnel created  a backlog  situation.  These  additional  slots  were  incor- 
porated into  the  s lanthit ion. 

b.  DLSC  and  DSA/GSA  are  allowed  60  days  to  screen  the  NSN  Master  Data 
Record  (NSNMDK)  for  stock  numbers  or  assign  stock  numbers.  I!  the  sub- 
mitted data  contains  errors,  corrections  must  be  made  and  the  data  resub- 
mitted. DLSC  and  DSA/l’.SA  are  then  allowed  an  additional  60  days  to  pro- 
cess the  data.  The  number  of  days  to  process  data  was  artibrarily  reduced 
to  30  and  incorporated  into  the  simulation. 

c.  Logistical  Support  Analysis  (LSA)  is  a required  procedure  to  be 
followed.  However,  this  procedure  is  not  fully  implemented  as  vet  for 
various  reasons.  Complete  use  of  LSA  was  Incorporated  and  simulated. 


VI.  SENSITIVITY  RESULTS 

a.  Incrv/tM'  the  number  of  personnel  In  the  Provisioning  Branch.  The 
capacity  of  the  storage  entity  titled  Provisioning  'ranch  was  increased 

by  six  and  no  other  changes  were  made  in  the  simulation  model.  The  results 
are  shown  in  Table  2. 

TABLE  2.  INCREASE  THE  NUMBER  OK  PROVISIONING  PERSONNEL  BY  SIX 

Time  with  Current  Personnel  263  (Calendar  Days) 

Time  with  Six  Additional  Personnel  261 

Difference  4 

Wliile  the  addition  of  six  personnel  to  the  Provisioning  Branch  did  de- 
crease the  provisioning  time  frame  bv  four  days,  it  is  doubtful  that  the 
cost  of  additional  personnel  would  be  warranted.  To  substantiate  this, 
the  Increased  number  of  personnel  was  varied  from  six  down  to  two  and  the 
reduction  in  provisioning  time  only  changed  from  four  davs  to  three  davs. 

The  addition  of  only  one  person  resulted  in  a reduction  of  one  dav. 

b.  Reduce  the  Pl.SC  and  DSA/GSA  Process  Time.  The  reduction  ot  pro- 
cess time  used  in  this  simulation  was  from  60  to  30  davs;  all  other  portions 
of  the  simulation  icmained  unchanged.  ’.Via  11*'  a reduction  in  tills  time  1 1 ame 
is  not  within  HQ,  ARRCOM's  control,  the  results  shown  in  Table  1 indicate 
the  effect  of  revising  the  60-day  process  t tmo. 
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TABLE  3.  REDUCED  PROCESS  I' I ME  - DLSC  AND  DSA/GSA 


Current  bO-day  Process  Time  265  (Calendar  Days) 

30-day  Process  Time  179 


Difference  86 

The  reduced  times  for  DLSC  and  DSA/GSA  made  a significant  contribution 
in  reducing  the  provisioning  time.  Since  on  occasion  DLSC  and  DSA/GSA 
have  responded  in  a rapid  manner  (1-15  days),  it  appears  that  a reduc- 
tion in  the  60  days  may  be  reasonable.  If  the  60-day  limit  remains 
absolute,  time  still  can  be  saved  if  error  resubmission  is  placed  in  a 
category  that  waives  the  60-day  process  time. 

c.  Implement  Logistical  Support  Analysis  (LSA).  Logistical  Support 
Analysis  procedures  are  required  to  be  performed  on  all  newly  developed 
weapon  systems  and  for  major  modifications  to  an  existing  system.  This 
requirement,  however,  is  currently  not  fully  implemented  because  of  diffi- 
culties with  the  bridging  program  that  converts  the  LSA  data  into  CCSS 
format  and  because  of  the  need  to  thoroughly  familiarize  personnel  with 
LSA  procedures.  The  complete  vise  of  LSA  in  the  Provisioning  Process  was 
simulated  and  the  results  are  shown  in  Table  4. 


TABLE  4.  EFFECT  OF  LSA  PROCEDURES 


Current  Process 

(Limited  Use  of  LSA) 

265  (Calendar 

Complete  Use  of 

LSA 

235 

Di f ference 

30 

Days) 


The  use  of  LSA  is  an  existing  DARCOM  requirement  and  training  in  the  use 
of  LSA  is  available.  If  cost  savings  can  be  identified,  the  rapid  Imple- 
mentation of  LSA  may  he  warranted. 


d . Complete  use  of  LSA  procedures  and  lncr ease  the  number  of  pers on no  1 
in  the  Provisioning  Branch  by  Six.  The  complete  use  of  LSA  procedures  and 
the  effect  on  additional  six  provisioning  personnel  were  simulated.  This 
combination  was  chosen  because  HQ,  ARRCOM  can  readily  implement  these 
changes.  The  results  are  shown  in  Table  5. 


TABLE  5.  EFFECT  OF  LSA  PROCEDURES  AND  AN  INCREASE  IN 
PROVISIONING  PERSONNEL 


Current  Process  265  (Calendar  Days) 

LSA  und  Increased  Personnel  235 

Difference  30 

The  results  of  this  simulation  run  are  identical  with  Table  4 (LSA). 
Further  investigation  revealed  that  the  Provisioning  Branch  experienced 
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no  queue  time  when  LSA  procedures  were  used.  Since  provisioning  proce- 
dures would  require  the  same  time  to  perform,  excluding  queue  time,  in- 
creasing t He  available  number  of  personnel  when  no  backlog  exists  would 
not  create  a reduction  in  time. 


VII.  SUMMARY 

The  results  of  implementing  changes  in  the  current  provisioning  pro- 
cess indicate  the  following: 

a.  Reducing  DLSC  and  DSA/GSA  60-day  allowance  for  response  can  result 
in  the  greatest  reduction  in  time.  However,  this  solution  is  not  immedi- 
ately feasible  because  it  requires  DoD  level  action. 

b.  Increasing  the  provisioning  personnel  results  in  the  least  time 
reduction.  Before  this  solution  is  implemented,  the  cost  of  additional 
personnel  vs  a one  to  four  day  time  savings  should  be  investigated. 

c.  Implementing  the  LSA  and  increased  personnel  alternative  is  not 
viable  because  increasing  the  number  provisioning  personnel  had  no  effect 
on  time  when  combined  with  the  use  of  LSA. 

d.  Using  LSA  extensively  is  the  most  feasible  solution.  However, 
this  action  requires  special  effort  to  solve  any  exisitng  bridging  prob- 
lems and  requires  that  proper  LSA  training  be  made  available  on  a large 
scale. 


ws  proem  3«ti  In  CCSS  as  per  CCSS  production  cycle 


ir»»  LSA  ihwti 


ARCSIP  - Automated  Requirements  Computation  System  Initial  Provisioning 
ARRCOM  - US  Army  Armament  Materiel  Readiness  Command 
CCB  - Configuration  Control  Board 
CCSS  - Commodity  Command  Standard  System 
OLSC  - Defense  Logistics  Service  Center 
ECP  - Engineering  Change  Proposal 
ERR  - Engineering  Release  Record 
FSC  - Federal  Supply  Category 

GSA/DSA  - General  Services  Administration/Defense  Supply  Agency 
IMC  - Item  Management  Code 
LSA  - Logistical  Support  Analysis 
MA  - Maintenance  Directorate 
MM  - Materiel  Management  Directorate 
MS  - Management  Information  Systems  Directorate 
NSN  - National  Stock  Number 
NSNMDR  - National  Stock  Number  Master  Data  Record 
PCCN  - Provisioning  Contract  Control  Number 
PMDR  - Provisioning  Master  Data  Record 
PR-1  - Provisioning  Requirement  - Initial 
RPSTL  - Repair  Parts  Special  Tools  List 
SMR  - Source  Maintenance  Recoverability 
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-INTRODUCTION- 


BACKGROUND 


During  1976,  the  Engineer  Studies  Group  (ESG)  completed  a study  of 
US  strategic  mobility  base  requirements  for  the  Department  of  the  Army, 
Deputy  Chief  of  Staff  for  Operations  and  Plans  (DCSOPS) . The  study  was 
prompted  by  difficulties  encountered  when  the  US  airlifted  supplies  to 
the  Middle  East  during  the  1973  Arab-Israeli  war.  Of  particular  concern 
was  the  apparent  ease  with  which  either  base  operating  rights  or  over- 
flight rights  can  be  lost  in  time  of  crisis.  The  Army  Staff,  therefore, 
decided  that  the  US  overseas  basing  posture  needed  to  be  examined  and 
that  the  examination  should  compare  projected  base  assets  with  antici- 
pated future  requirements  to  find  any  deficiencies  (or  excesses).  The 
ESG  study  provided  such  an  examination. 

The  study  identified  the  type,  location,  and  physical  characteris- 
tics of  strategic  mobility  bases  required  to  support  a wide  range  of 
contingencies  during  the  1980  to  1990  period.  It  also  identified  those 
bases  required  to  maximize  strategic  deployment  capabilities  against  all 
possible  contingencies  throughout  the  world.  Using  these  basing  needs 
as  an  envelope  of  requirements,  the  study  provided  an  Army  position  con- 
cerning the  need  for  US  strategic  mobility  bases  worldwide. 

BASE  SELECTION  CRITERIA 


The  study  examined  a multitude  of  candidate  base  locations.  Some 
bases  were  located  on  US  territory,  others  were  existing  US  bases  on 
foreign  territory,  and  still  others  were  at  foreign  locations  where  the 
US  presently  has  no  base  rights.  Each  base  location  was  examined  rela- 
tive to  three  criteria — the  bases'  ability  to  support  strategic  deploy- 
ments (the  most  important  criteria)  , the  political  constraint  (foreign) 
associated  with  the  retaining/acquiring  base  rights,  and  the  develop- 
ment potential  (including  construction  costs)  of  each  base  candidate. 

TOPIC  OF  THIS  PAPER 


The  first  criteria  (support  of  strategic  deployments)  is  the  topic 
of  this  paper.  More  specifically,  this  paper  describes  the  methods  used 
to  measure  the  strategic  value  of  alternative  base  locations.  Strategic 
value  was  measured  in  terms  of  the  deployment  tonnages  each  base  location 
could  support  relative  to  a specific  set  of  contingencies.  The  strategic 
value  of  specific  base  locations  varied  depending  on  the  mobility  fleet's 
characteristics  and  the  number  and  location  of  the  contingencies  the  base 
may  be  required  to  support.  To  avoid  security  classification,  this  paper 
does  not  discuss  the  strategic  value  of  alternative  base  locations 


in  terms  of  supporting  specific  contingencies.  instead,  it  discusses 
strategic  value  in  terms  of  the  bases'  abilities  to  support  more  general 
contingencies  on  a regional,  multiregional , and  worldwide  basis.  Also 
to  avoid  security  classification,  the  paper  considers  a general,  rather 
than  a specific,  mobility  fleet. 

TYPES  OF  BASES 


Before  proceeding  to  the  study  method,  strategic  deployment  bases 
need  to  be  defined.  Strategic  deployment  bases  are  those  required  out- 
side CONUS  to  project  US  combat  power  into  an  objective  area  during  the 
initial  stages  of  a contingency  operation.  The  study  considered  two 
types  of  bases  (doing  the  functions  listed)  in  the  following  priority: 

. Strategic  mobility  air  base 

. Staging  area  for  deploying  forces 

. Refueling  base  for  strategic  deployment  aircraft 

. Support  base  for  tanker  aircraft  (when  required) 

. Logistic  support  base  (initial  resupply  only)  for  deployed 
forces  (when  required) 

Strategic  mobility  sea  bases 

. Initial  resupply  of  deployed  forces  (when  required) 
CONTINGENCY  AREAS 


As  noted  above,  the  ESG  study  determined  strategic  deployment  base 
requirements  to  support  specific  contingencies  throughout  the  world. 
However,  it  also  determined  the  value  of  (and  need  for)  similar  bases  to 
support  contingencies  that  might  occur  anywhere  within  more  general 
regions  of  the  world.  To  accomplish  the  latter  objectives,  the  world 
was  viewed  three  ways.  The  first  was  ten  regions  covering  the  entire 
world,  less  the  communist  block  countries.  Central  Europe,  and  North 
America  (see  Figure  1).  (The  Communist  bloc  countries  and  North  America 
were  fenced  out  for  obvious  reasons.  Central  Europe  was  fenced  out  since 
strategic  deployment  to  that  area  had  been  examined  repeatedly  in  many 
recent  studies.)  The  second  way  was  the  same  "world"  but  divided  into  on! 
four  multiregions  (see  Figure  2).  The  third  way  was  the  same  world,  but 
viewed  as  a single  world  region.  Dividing  the  world  this  way  allows  the 
decisionmaker  to  select  the  most  effective  base  locations  for  support 
contingencies  in  areas  he  choses.  For  example,  if  the  US  planned  or 
expected  to  assist  an  ally  militarily  in  only  certain  areas  of  the  world, 
(i.e.,  Region  5 of  Figure  1 or  multiregion  B of  Figure  2),  the  most 
effective  base  location  to  support  a military  contingency  in  only  those 
regions  would  be  known. 


141 


CANDIDATE  BASE  LOCATIONS 


The  ESG  study  examined  more  than  60  foreign  locations  as  candidates 
for  a future  site  of  a US  air  or  sea  base.  The  candidate  locations  were 
arbitrarily  selected  to  provide  worldwide  coverage.  Although  additional 
candidate  locations  could  have  been  examined,  it  was  found  that  their 
support  capabilities  could  be  closely  approximated  by  interpolating 
between  the  results  of  the  examined  candidate  locations.  Figure  3 shows 
an  example  of  a few  possible  candidates.  These  foreign  baoe  candidates 
(not  necessarily  addressed  in  study)  are  used  throughout  this  paper  to 
demonstrate  the  study  method.  Throughout  the  study,  maximum  advantage 
was  taken  of  existing  US  bases  on  US  territory  (or  trust  territories). 

CANDIDATE  AIR  & SEA  BASE  LOCATIONS 

i 

y. 


r, 

\ 

f 


• US  BASES  (Complete  list) 

■ FOREIGN  BASES  (Example) 

Figure  3 

—SEA  BASE  ANALYSIS— 


GENERAL  METHOD 

The  relative  capability  of  alternative  sea  base  locations  was  deter- 
mined by  conducting  sea  deployment  simulations  under  various  operating 
assumptions.  The  simulations  were  conducted  using  a sea  deployment  model 
developed  by  ESG.  Model  inputs  consist  of  route  distances  and  the  number, 
physical  characteristics,  and  starting  locations  of  each  ship  in  the 
sealift  tleet.  The  model  simulates  sea  deployments  and  resupply  over 
alternate  routes  with  the  sealift  fleet  moving  supplies  from  CONUS  and 
assumed  prepositioned  stocks  from  the  forward  logistic  sea  bases  to  the 
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various  contingency  .'irons.  Outputs  lire  the  time-phased  (dally)  tonnage 
of  material  delivered  to  each  contingency  area.  Differences  in  time- 
phased  tonnage  delivered  to  the  contingency  areas  are  used  as  the  general 
measure  of  relative  capability  ot  alternative  sea  base  candidates. 

SKAl.IKT  FLEET 


The  value  ot  a forward  logistic  sea  base  depends  on  both  Its  prox- 
imity to  the  contingency  area  and  the  M-day  location  of  the  sealift  fleet 
A base  located  near  a contingency  area  requires  tew  days  per  round  trip 
to  shuttle  supplies,  but  bases  located  on  or  near  principal  world  navi- 
gation routes  are  most  likely  to  have  US  flagships  nearby  when  the 
emergency  occurs.  The  Military  Sealift  Command  (MSC)  Integrated  Sea- 
lift System  (1SS)  group  maintains  files  on  all  US  and  foreign  flagships. 
ISS  can  locate  these  ships  anytime.  On  request,  1SS  provided  ESC  the 
empirical  "snapshots"  of  US  shipping  on  4 days  (one  for  each  season  of 
1975).  The  tour  snapshots  were  integrated  into  an  average  ship  location 
situation  for  1975.  Extrapolation  according  to  the  changes  in  Inventory 
between  1975  and  1980  produced  the  assumed  ship  locations  for  1980.  The 
number,  physical  characteristics,  and  location  of  each  type  ship  served 
as  a starting  point  for  the  ESC  simulations. 

ROUTE  DATA 

In  the  sealift  simulations,  there  were  over  4,000  route  distances 
that  had  to  be  determined.  They  included: 

. Distances  between  the  M-day  location  of  the  fleet  and  the  CONUS 
ports  of  Norfolk  and  Oakland. 

. Distances  between  the  M-day  location  of  the  fleet  and  the  candi- 
date sea  bases. 

. Distances  between  the  candidate  sea  base  locations  and  the 
contingency  areas. 

. Distances  between  the  three  contingency  areas  and  the  CONUS  ports 
of  Norfolk  and  Oakland. 

SEALIFT  MODEL 


Three  basic  assumption  variables  were  fixed  for  each  specific  simu- 
lation run: 

. Whether  the  no  mobilization,  partial  mobilization,  or  full  mobi- 
lization sealift  fleet  can  be  used. 

. Whether  there  are  any  sealift  constraints  (i.e.,  Suez  Canal  closed 
for  transit). 

. Which  candidate  sen  base  location  would  be  used  lor  a forward 
logistic  sea  base. 
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For  each  simulation,  a fixed  number  ot  ships  closest  to  the  forward 
sea  base  were  manually  identified.  The  days  sailing  time  from  their 
snapshot  locations  to  the  intermediate  base  was  computed  and  fed  to 
the  model.  On  a hypothetical  alert  day  (M-day),  the  model  routed  each 
of  these  ships  to  the  intermediate  base  to  pick  up  military  cargo  for 
delivery  to  the  contingency  area.  After  the  first  delivery  to  the  con- 
tingency area,  the  model  shuttled  the  ship  between  the  contingency  area 
and  the  nearest  CONUS  port  (Norfolk  or  Oakland)  for  the  rest  of  the 
simulation. 

In  each  simulation,  the  sealift  model  examined  the  first  ship  in  the 
fleet  arriving  at  a CONUS  port  and  computed  its  60-day  delivery  capa- 
bility to  each  of  the  independent  contingency  areas.  It  then  processed 
succeeding  ships  in  the  fleet  until  it  considered  all  of  them.  Ships 
were  routed  by  the  model  to  the  most  productive  CONUS  port  (Norfolk  or 
Oakland).  That  routing  was  based  on  a "look  ahead"  routine  which  com- 
puted the  shortest  route  from  the  ships'  M-day  location  to  the  contin- 
gency area  via  either  of  the  two  CONUS  ports.  Once  the  ships  arrived  at 
the  contingency  area,  they  were  shuttled  to  the  nearest  CONUS  port.  The 
model  accumulated  and  printed  out  a day-by-day  record  of  the  cargo 
delivered  to  each  contingency  area. 

MEASURE  OF  EFFECTIVENESS 


The  logistic  sea  base  analysis  was  designed  to  determine  relative 
capabilities  of  the  sealift  fleet  when  used  both  with  and  without  a 
forward  logistic  sea  base.  This  increase  in  capability  can  be  measured 
in  two  ways:  relative  to  the  deployment  requirements  and  relative  to 
the  timeliness  of  the  increased  deployment  capability.  The  measure  of 
effectiveness  used  in  the  ESC  study  considered  both. 

. Deployment  Requirements 

ESC  considered  three  sets  of  deployment  requirements.  Two  were 
based  on  the  deployment  requirements  within  a specific  contingency  area. 
The  third  was  a more  general  regional,  mult iregiona 1 , and  worldwide 
requirement . 

. Contingency  Area  Requirement. 

ESC  developed  the  deployment  requirements  for  each  specific 
contingency  examined  in  the  study.  A forward  logistic  sea  base  was  con- 
sidered effective  only  if  it  helped  support  those  requirements.  Figures 
4 and  5 show  how  this  contribution  was  measured. 

. Net  Requirement. 

Figure  4 shows  the  sealift  deployment  capabilities,  with 
and  without  a forward  logistic  sea  base.  It  also  shows  the  contingency 
area  dep indent  requirement  and  that  portion  of  the  total  requirement 
that  can  be  supported  by  air  deployments . The  shaded  area  in  Figure  4 
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is  considered  the  forward  logistic  sea  base’s  measure  of  effectiveness. 

The  shaded  area  represents  the  increase  in  the  deployment  tonnage  gener- 
ated through  using  the  forward  logistic  base.  That  increase,  however, 
is  limited  by  the  net  requirement  (i.e.,  gross  requirement  less  those 
requirements  that  can  be  satisfied  by  air  deployment). 

. Gross  Requirements. 

Figure  5 shows  the  same  sealift  deployment  capabilities, 
with  and  without  a forward  logistic  sea  base.  It  also  shows  the  same 
contingency  area  deployment  requirement,  but  without  air  deployments. 

The  shaded  area  in  Figure  5 is  the  forward  logistic  sea  base's  measure  of 
effectiveness  without  reliance  on  air  deployments.  This  measure  of  effec- 
tiveness was  considered  useful  when  overflight  rights  are  not  assured  and 
air  deployments  cannot  be  made. 

. Regional,  multiregional , and  worldwide  requirements. 

Although  the.  specific  contingencies  examined  in  the  ESG 
study  were  a best  estimate  of  mid-range  requirements,  they  still  could 
change,  both  in  size  and  location.  As  a hedge  against  that  possibility, 
a logistic  sea  base’s  value  was  also  measured  in  terms  of  its  ability  to 
support  more  general  contingencies.  It  was  assumed  that  the  contingen- 
cies could  occur  anywhere  within  the  10  regions  shown  in  Figure  1 and 
could  be  larger  in  magnitude.  Also,  unexpected  loss  of  base  facilities 
and  operating  rights  may  prevent  air  deployments.  Under  these  extreme 
conditions,  the  value  of  a forward  logistic  sea  base  would  be  increased 
substantially.  Figure  6 shows  how  the  ESG  study  measured  the  effective- 
ness of  a forward  logistic  base  under  those  extreme  conditions.  Similar 
to  Figure  5,  this  figure  shows  sea  deployment  capabilities  with  and  with- 
out a forward  logistic  sea  base.  These  sea  deployment  capabilities,  how- 
ever, are  an  average  of  the  sea  deployment  capabilities  into  all  contin- 
gency areas  within  a region.  Similarly,  to  measure  capabilities  on  a 
regional,  multiregional,  and  worldwide  basis,  the  study  used  the  average 
of  the  sea  deployment  capabilities  across  all  contingency  areas  through- 
out a region,  multiregional  area,  or  the  world.  Thus , the  difference  in 
average  sea  deployment  capabilities  (with  and  without  a forward  base) 
was  used  as  the  measure  of  effectiveness  of  alternative  logistic  sea  bases 
to  support  contingency  operations  on  a regional,  multiregional,  and  world- 
wide basis.  The  deployment  requirements  shown  in  Figure  6 are  arbitrarily 
high  (assumes  that  contingency  requirements  may  increase)  and  include  no 
air  deployments  (assumes  overflight  rights  are  not  granted) . This  measure 
of  effectiveness  can  be  viewed  as  a more  general  assessment  of  mid-range 
capabilities.  Since  the  sealift  fleet  is  not  expected  to  change  dramat- 
ically, it  can  also  be  viewed  as  an  assessment  of  long-range  capabili- 
ties generated  by  the  use  of  the  forward  logistic  sea  base. 


MEASURE  OF  EFFECTIVENESS 

(HtaiOM,  M1/ITIIU8I0N.  m4  WOMMH0I  REOUIMMINT) 


Figure  6 


. Timeliness  of  deployments. 

The  deployment  tonnage  increases  gained  through  using  a forward 
logistic  sea  base  only  partially  measure  the  effectiveness  of  alterna- 
tive base  candidates.  The  timeliness  of  the  increased  deployment  capa- 
bility is  a second  measure  of  effectiveness.  For  example,  two  forward 
logistic  sea  bases  might  produce  similar  increases  in  deployment  tonnages; 
but  one  base's  increase  might  occur  1,  2,  or  3 days  earlier  than  the 
other.  Each  base  would  have  a different  value  since  the  purpose  of 
forward  logistic  sea  bases  is  to  improve  the  US  rapid  deployment  capa- 
bility (i.e.,  deploy  not  only  as  much  as  necessary  but  as  soon  as  possi- 
ble). Thus,  the  measure  of  effectiveness  used  to  evaluate  alternative 
sea  bases  should  reflect  that  difference  in  value. 

. Moment. 

In  order  to  measure  both  the  deployment  tonnage  and  when  it 
was  delivered,  the  ESG  study  used  a first  moment  about  a reference  axis 
at  D+60.  The  first  moment  calculated  in  this  manner  gave  credit  for  a 
larger  tonnage  and/or  earlier  deployment  closure — a desired  result.  For 
example,  the  tonnage  deployed  at  D+13  is  multiplied  by  47  days  (D+60 
less  D+13),  and  the  tonnage  arriving  at  D+14  is  multiplied  by  46  days. 
Thus,  a ton  deployed  at  D+13  is  weighted  1 day  heavier  than  a ton  deployed 
at  Dfl4.  The  first  moment  is  the  sum  of  the  products  (moment  arm  times 
tonnage  delivered)  for  all  60  days. 
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. Illustration  of  first  moment. 


In  Figure  7,  the  two  shaded  areas  are  similar  to  the  shaded 
area  in  Figure  6.  The  left,  right,  and  upper  boundaries  of  the  shaded 
area  are,  respectively,  the  cumulative  tonnage  delivered  curve  for  the 
candidate  base,  the  same  curve  for  no  base,  and  the  net  requirements 
curve.  Because  we  are  looking  at  three  cumulative  curves  instead  of 
the  daily  distribution  curves,  it  turns  out  mathematically  that  the  area 
of  the  shaded  region  is  equal  to  the  first  moment.  In  other  words,  if 
the  first  moments  for  the  candidate  base  and  the  no  base  case  curves  are 
calculated,  their  difference  is  exactly  equal  to  the  area  of  the  shaded 
region.  The  dimension  of  the  first  moment  or  the  area  of  the  shaded 
region  is  STON-days  and  sea  base  "A"  is  50  percent  more  effective  than 
sea  base  ”B"  (i.e.,  1,500,000  STON-days  vs  1,000,000  STON-days).  Thus, 
a first  moment  (STON-days)  rather  than  simply  increased  deployments 
(STON)  was  used  to  measure  the  relative  value  of  forward  logistic  sea 
bases.  If  these  values  are  extended  (averaged)  to  include  all  contin- 
gencies, they  can  be  used  to  assess  the  value  of  alternative  sea  bases 
to  support  individual  contingencies  as  well  as  all  regional,  multi- 
regional,  and  worldwide  contingencies. 


PREFERRED  FORWARD  SEA  BASE 

SEA  BASE  "A"  SEA  BASE  "B 


STRATEGIC  VALUE  OF  SEA  BASES 


When  all  simulations  were  completed,  the  requirements  for  and  the 
preferred  location  of  strategic  deployment  sea  bases  to  support  specific 
contingencies  were  identified.  Also  identified  were  the  preferred  loca- 
tions for  sea  bases  to  support  regional,  multiregional , and  worldwide 
contingencies.  The  preferred  locations  actually  varied  depending  on  the 
level  to  which  the  US  mobilized  and  the  assumptions  made  regarding  sea- 
lift constraints  (i.e.  , Panama  Canal  open  or  closed).  Figure  8 shows 
the  type  of  data  generated  by  the  study.  To  avoid  security  classifica- 
tion, the  data  has  been  "dummied"  and  is  keyed  to  no  specific  level  of 
mobilization. 


STRATEGIC  VALUE  OF  SEA  BASES 


Sea  Base  Location 

Relative  Support  Capability**/ 

and  Constraint 

Region 

1 Multiregion 

B Worldwide 

Suez  Canal  Open 

Italy 

2.8 

3.1 

1.7 

Azores 

1.0 

1.2 

1.4 

South  Africa 

1.0 

1.0 

1.0 

Diego  Garcia 

2.8 

3.7 

1.8 

Singapore 

2.4 

4.1 

2.6 

Okinawa 

2.1 

3.4 

2.2 

Suez  Canal  Closed 

Italy 

o.ok/ 

o.c£/ 

1.0 

Azores 

0.0b/ 

0.0b/ 

1.2 

South  Africa 

1.0 

1.0 

1.5 

Diego  Garcia 

7.2 

10.4 

1.8 

Singapore 

7.8 

13.7 

2.2 

Okinawa 

6.7 

8.9 

1.6 

a/  Relative 

strategic 

value  computed 

by  normalizing 

on  sea  base  that  < 

generated 

least  support  capability. 

b/  Sea  base 

locations  generated  no  support  capa- 

bility. 

Figure  8 

—AIR  BASE  ANALYSIS- 


GENERAL  METHOD 


The  relative  capabilities  of  the  candidate  air  bases  to  support 
strategic  mobility  aircraft  were  determined  by  conducting  air  deploy- 
ment simulations  under  various  operating  assumptions.  Simulations  were 
conducted  using  an  air  deployment  model  also  developed  by  ESG . Input  to 
the  model  consisted  of  the  air  route  data  (length  of  each  leg  along  all 
routes)  and  the  number  and  operating  characteristics  of  each  aircraft 
type.  The  model  simulated  air  deployment  along  each  route  to  and  through 
each  candidate  air  base  and  on  to  each  contingency  area.  Model  output 
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was  the  average  daily  tonnage  of  materiel  that  can  be  delivered  to  each 
contingency  area  through  each  candidate  air  base.  The  following  para- 
graphs discuss  the  inputs  to  the  model,  the  model  characteristics,  and  the 
use  of  model  output  to  rank  order  the  candidate  air  bases. 

AIRLIFT  FLEET 


The  aircraft  inventory  used  in  the  simulations  included  the  05  and 
0141  for  the  Military  Airlift  Command  (MAC)  fleet  and  the  707  and  747 
equivalent  from  the  Commercial  Reserve  Air  Fleet  (CRAF) . Availability 
of  the  aircraft  varied  with  the  level  of  mobilization  and  the  time  period 
considered.  In  the  latter  case,  improvements  in  the  airfleet  are  expected 
over  both  the  mid-  and  long-term  time  period  when  the  USAF's  enhancement 
program  is  carried  out.  In  the  ESG  study,  three  aircraft  fleets  (pessi- 
mistic, expected,  and  optimistic)  were  considered.  The  pessimistic  fleet 
was  considered  to  be  the  current  fleet  with  no  improvements.  The  expected 
fleet  was  considered  to  be  the  current  fleet,  but  with  the  stretched 
version  of  the  C-141  with  aerial  refueling  capability.  The  optimistic 
fleet  was  considered  to  be  the  expected  fleet  with  the  Advanced  Tanker 
Cargo  Aircraft  (ATCA)  added. 

ROUTE  DATA 


Basic  to  the  data  input  were  the  distances  from  CONUS  to  each  candi- 
date base  over  each  route  and  from  each  candidate  base  to  each  contingency 
area.  The  route  data  were  composed  of  two  elements:  the  path  length 
from  the  aerial  port  of  embarkation  (APOF.)  in  C0N1TS  to  the  contingency 
areas  and  the  lengths  of  legs  along  each  path.  The  paths  examined  repre- 
sented routes  from  the  APOE  to  each  intermediate  base,  paths  between 
intermediate  bases,  and  thence  to  all  contingency  areas.  Paths  to  final 
bases  may  be  either  direct  from  the  APOE  or  via  other  intermediate  bases. 
Bases  under  US  control  were  considered  available  in  all  contingencies. 
Political  constraints  sometimes  made  the  availability  of  foreign  bases 
contingency  dependent.  Because  of  overflight  restrictions  (some  univer- 
sally applied  and  some  based  on  contingencies),  paths  between  bases  and 
from  bases  to  contingency  areas  frequently  detoured  from  the  most  direct 
routes.  For  example,  moving  from  CONUS-west  into  the  Indian  Ocean, 
routes  always  bypassed  Indochina.  On  the  other  hand,  in  some  contingen- 
cies the  Malay  Peninsula  could  be  crossed  over  southern  Thailand:  in 
others  it  was  necessary  to  cross  farther  south  over  Malaysia;  and  in 
still  others,  no  crossing  of  the  peninsula  at  all  was  permissible,  leaving 
only  the  Strait  of  Malacca  for  overflight.  Thus,  political  as  well  as 
geographic  considerations  increased  the  number  of  routes  examined.  The 
study  considered  three  different  overflight  assumptions:  complete  over- 
flight, realistic  (or  contingency-dependent)  overflight,  and  no  overflight 
of  non-US-controlled  territory. 

Under  the  realistic  (contingency-dependent)  overflight  assumption,  a 
total  of  988  air  routes  was  examined.  All  routes  used  McConnell  Air  Force 
Base  (Wichita,  Kansas)  as  the  APOE.  Of  these  988  air  routes,  835  went 
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west  from  CONUS;  153  went  east  from  CONUS.  The  various  contingency 
areas  served  as  the  aerial  port  of  debarkation  (APOD).  AlonR  each  route, 
there  were  one  to  four  intermediate  air  bases  between  the  APOE  and  APOD. 
After  the  routes  were  selected,  they  were  segregated  into  groups  based 
on  the  number  and  ownership  of  candidate  air  bases  that  served  each  route. 
This  segregation  resulted  in  four  sets  of  routes.  One  set  consisted  of 
routes  served  only  by  US-controlled  bases.  An  example  is  a route  orig- 
inating at  McConnell  and  passing  through  Elmendorf  (Alaska)  en  route  to 
the  Republic  of  Korea.  The  other  three  route  sets  were  those  routes 
served  by  one,  two,  or  three  non-US-controlled  bases.  An  example  of  the 
latter  is  a route  originating  at  McConnell  and  passing  through  Alaska, 
Japan,  Singapore,  and  Diego  Garcia  en  route  to  a contingency  in  Region  6. 

Under  the  complete  overflight  assumption,  the  air  routes  examined 
were  the  same  as  those  used  in  the  realistic  assumption.  The  distinction 
was  that  under  the  realistic  assumption,  certain  routes  were  not  available 
in  specific  contingencies.  Under  the  complete  overflight  assumption, 
the  contingency-dependent  route  restrictions  were  removed.  However, 
the  complete  overflight  assumption  retained  some  realism  in  that  certain 
overflights  are  still  precluded:  overflights  of  Communist  countries, 
of  countries  traditionally  hostile  to  the  US,  and  of  US-aided  countries' 
antagonists  in  a specific  contingency. 

Under  the  no  overflight  assumption,  only  the  routes  served  by 
US-controlled  bases  were  used.  However,  the  length  of  the  final  leg 
into  each  contingency  area  was  increased  as  required  to  reflect  the  no 
overflight  assumption. 

AIRCRAFT  CHARACTERISTICS 


The  amount  of  cargo  deliverable  to  a contingency  area  depends 
greatly  on  aircraft  refueling  operations.  Refueling  operations  dictate 
aircraft  payloads  and  ranges.  Refueling  in  the  contingency  areas  can 
greatly  increase  aircraft  range  or  payload  (usually  referred  to  as 
allowable  cabin  load  (ACL)).  Likewise,  aerial  refueling  on  one  or  more 
legs  of  the  route  has  the  effect  of  enhancing  aircraft  distance  and/or 
payload.  In  both  cases,  the  amount  of  fuel  the  aircraft  is  required  to 
carry  directly  affects  payload.  Therefore,  a variety  of  operational 
modes  were  evaluated  to  cover  fully  the  possible  situations  and  possible 
fleets.  Figure  9 illustrates  15  possible  MAC  aircraft  operational  modes 
involving  refueling  operations.  These  operational  modes,  when  combined 
with  the  three  potential  fleets,  (i.e.,  pessimistic,  expected,  optimistic) 
produce  quite  different  air  deployment  capabilities.  In  each  fleet, 
stress  was  placed  on  maximizing  range  in  an  attempt  to  minimize  forward 
air  base  requirements. 


152 


a/ 

MAC  AIRCRAFT  OPERATIONAL  MODES- 


No  aerial  refueling  (AR) 

No  refueling  in  cntgcy  area  ^ 

Selective  refueling  in  cntgcy  area— 
Refueling  in  all  cntgcy  areas 

No  refueling  in  cntgcy  area— ^ 

AR  last  leg  only  (depart) 

AR  last  leg  only  (depart  & return) 
AR  all  legs  (depart  only) 

AR  all  legs  (depart  & return) 

Selective  refueling  in  cntgcy  area— ^ 

AR  last  leg  only  (depart) 

AR  last  leg  only  (depart  & return) 
AR  all  legs  (depart  only) 

AR  all  legs  (depart  & return) 

Refueling  in  all  cntgcy  areas— ^ 

AR  last  leg  only  (depart) 

AR  last  leg  only  (depart  & return) 
AR  all  legs  (depart  only) 

AR  all  legs  (depart  & return) 


a/  CRAF  aircraft  have  no  aerial 
refueling  capability. 

b / Contingency  area  dependent. 


Figure  9 


When  aircraft  can  refuel  in  the  contingency  area,  their  radius 
mission  range  from  CONUS  is  nearly  doubled,  or  their  payload  on  the  out- 
bound flight  can  be  the  maximum  within  the  range  limit.  Aerial  refueling 
on  any  leg  of  the  mission  also  contributes  to  the  range  or  payload. 
Because  an  aircraft  uses  considerable  fuel  on  takeoff,  aerial  refueling 
shortly  after  takeoff  can  significantly  increase  the  range  with  a fixed 
payload.  Alternatively,  aerial  refueling  shortly  after  takeoff  can 
increase  the  payload  over  a fixed  range  if  the  cargo  aircraft  lifts  off 
with  an  increased  payload  and  reduced  fuel  load.  Figure  10  graphically 
shows  the  range  versus  ACL  tradeoff.  This  figure  shows  the  variations 
possible  in  ACL  and  range  for  the  C-5  and  C-141  (stretch)  through  aerial 
refueling  using  the  current  KC-135  tanker  and  the  proposed  ATCA  tanker. 
These  and  similar  radius  mission  ACL-range  curves  for  the  CRAF  aircraft 
were  used  in  the  air  deployment  simulations  to  evaluate  the  need  for  and 
the  capabilities  of  alternative  air  base  locations. 
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RANGE  Vs  ACl 
(One  Way  Mission) 


RANGE  (NMI 


Figure  10 


AIRLIFT  MODEL 


ESG  developed  an  air  deployment  model  to  conduct  all  air  deployment 
simulations  with  all  the  variables  imposed  by  the  number  and  type  of 
aircraft,  aircraft  operational  modes,  and  route  distances.  Originally 
developed  to  run  on  ESG's  in-house  WANG  2200  minicomputer,  the  model  was 
subsequently  converted  to  run  on  the  Defense  Mapping  Agency  Topographic 
Center's  UNIVAC  1108  computer.  The  model  is  based  on  the  formula  shown 
below: 


Ci=*  Vi  x Ni  x 'J1  x Pi 
2 x D 


Where  Ci  = daily  deployment  capability  (STON)  by  aircraft  type  i 
Vi  = aircraft  velocity  in  knots 
Ni  = aircraft  number  in  fleet 

Ui  = utilization  rate  of  aircraft  type  in  fleet  in  hours 
per  day  (from  Figure  G-3-5) 

Pi  ■ payload  of  aircraft  in  STON 

D = total  length  of  route  from  APOE  to  APOD  in  nautical 
miles 


The  payload  of  aircraft  type  i (Pi)  is  calculated  internally  to  the 
routine  by  evaluating  maximum  payload  from  two  aircraft  payload  curves. 
One  is  for  the  longest  leg  prior  to  the  last  leg  (a  one-way  mission 
curve),  and  one  is  for  the  last  leg  (from  the  last  intermediate  base 
to  the  contingency  area)  (a  radius  mission  curve) . The  lesser  of  these 
two  payloads  is  used  to  determine  the  overall  payload  of  aircraft  type 
i for  a route.  The  total  throughput  capability  along  the  route  is  the 
summation  of  capabilities  for  all  fleet  aircraft  types. 

The  output  of  the  model  is  the  daily  throughput  to  each  contingency 
area  along  all  routes  leading  to  that  area.  Maximum  throughputs  for  each 
final  intermediate  base  into  each  contingency  area  are  sorted  by  the  base 
and  contingency  area.  From  this  output,  it  is  possible  to  select  and 
rank  order  the  best  route,  second  best  route,  etc.,  into  each  contingency 
area.  Since  each  route  is  dependent  on  one  or  more  intermediate  base(s), 
it  is  possible  to  select  the  best,  second  best,  etc.,  intermediate  base 
or  combination  of  bases.  Model  output,  as  noted,  is  sensitive  to  oper- 
ational mode  and  aircraft  fleet,  thus  permitting  a testing  of  each  route 
(and  intermediate  base  conbination)  under  all  possible  conditions. 

STRATEGIC  VALUE  OF  AIR  BASES. 

The  ESG  study  identified  the  requirements  for  and  the  preferred 
location  of  strategic  deployment  air  bases  to  support  the  specific  con- 
tingencies addressed  by  the  study.  Also  identified  were  the  preferred 
location  for  air  bases  to  support  regional,  multiregional , or  worldwide 
contingencies.  The  preferred  location  actually  varied  depending  on  the 
airlift  fleet  (pessimistic,  expected,  optimistic)  and  overflight  con- 
straints (complete,  realistic,  or  no  overflights).  Figure  11  is  an 
example  of  the  type  of  information  generated  by  the  study.  As  was  done 
for  the  sea  base  results  (Figure  8)  and  to  avoid  security  classification, 
the  information  has  been  dummied  and  is  keyed  to  no  specific  aircraft 
operational  (refueling)  mode  or  overflight  constraint.  The  study  deter- 
mined the  value  of  all  candidate  air  bases  for  supporting  strategic 
deployments  on  a regional,  multiregional,  and  worldwide  basis  similar 
to  the  information  on  sea  bases  shown  in  Figure  8.  However,  Figure  11 
shows  the  strategic  value  of  alternative  air  base  locations  to  support 
contingencies  throughout  the  world  and  keyed  to  the  airlift  fleets. 
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STRATEGIC  VALUE  OF  AIK  BASES 


Relative  Value  TTy  Aircraft  Fleeti?/ 
Pessimistic  Expected  Optimistic 

Air  Base  Location (Current)  (w/Improved  141)  (w/ATCA) 


CONUS-East  Routes 


Italy 

4.8 

5.9 

7.0 

Azores 

3.  3 

4.9 

5.9 

South  Africa 

1.1 

1.9 

4.3 

McGuire 

1.0 

1.5 

3.8 

CONUS-West  Routes 


Diego  Garcia 

2.7 

2.9 

4.0 

Singapore 

4.1 

5.0 

5.1 

Okinawa 

2.2 

2.4 

3.6 

Wake 

1.0 

1.6 

2.1 

a/  Relative  value  was  computed  by  normalizing  on  the 
air  base  that  generated  the  least  support  capability  for 
the  pessimistic  (current)  aircraft  fleet. 


Figure  11 
—SUMMARY— 

The  ESC  study  of  US  stratagic  base  requirements  was  not  a traditional 
strategic  deployment  study.  The  study  objective  was  not  simply  to  deter- 
mine strategic  deployment  capabilities.  Rather,  the  objective  was  to 
determine  the  need  for  and  preferred  location  of  air  and  sea  bases  to 
maximize  strategic  deployment  capabilities  on  an  area,  regional,  multi- 
regional,  or  worldwide  basis.  In  accomplishing  this  objective,  the 
study  identified  the  number,  location,  type,  and  physical  characteris- 
tics of  the  bases  that  the  US  must  have  to  ensure  a strategic  deploy- 
ment capability  into  various  world  areas.  Stated  another  way,  the 
study  shows  which  foreign  bases  the  US  now  has  that  should  be  retained 
and  which  foreign  bases  the  US  now  has  that  could  be  given  up  without 
affecting  our  strategic  deployment  capabilities.  Thus,  the  study  pro- 
vides a comprehensive  base  of  information  for  DOD  planning  to  use  in 
making  decisions  on  forward  base  alternatives.  The  study  has  been 
approved  by  both  the  DA  and  Joint  Staff  and  is  now  being  used  for  that 
purpose  at  both  levels.  This  short  paper  provided  only  a brief  descrip- 
tion of  the  study  method  and  very  little  on  study  results.  For  those 
readers  interested  in  a more  detailed  description  of  study  method,  and 
especially  the  study  results,  it  is  suggested  that  they  refer  to  the 
three-volume  study  report. 
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SUBJECT:  Combat  Damage  - A Factor  of  Significance  in  Theater  Army  Force 
Structuring 

AUTHOR:  LTC  G.  R.  Wetzel 

AGENCY:  US  Ariny  Concepts  Analysis  Agency 


This  project,  I like  to  imagine,  required  the  amalgamation  of  several 
of  the  fundamental  tools  of  systems  analysis  and  the  embodiment  of  those 
techniques  that  have  become  known  as  the  scientific  method  called  opera- 
tions research.  The  more  I think  about  it,  however,  the  more  I realize 
that  no  scientific  barriers  were  besieged;  that  no  new  formulae  were  de- 
rived; that  no  new  technical  concepts  were  developed.  The  painfully  hon- 
est conclusion  I am  forced  to  reach  is  that  we  were  successful  only  in 
inspiring  an  informal  group  of  concerned  analysts  to  apply  their  consid- 
erable skills  and  the  resources  of  their  organizations  toward  resolution 
of  an  immediate,  very  real-world  problem.  This  presentation  is  a report 
of  that  project  and  its  results. 


Slide  1 

The  problem  was  an  Army  force  structuring  problem.  Specifically,  it 
was  a problem  that  dealt  with  the  identification  of  field  maintenance 
units  in  sufficient  quantity  and  proper  type  to  satisfy  the  maintenawe 
requirements  of  a Theater  Army  engaged  in  a mid- intensity  war  in  Europe. 

Slide  2 

The  objective  of  the  project,  in  even  more  specific  terms,  was  to  link 
a warfighting  model  to  a support  force  roundout  model  so  that  the  theater 
capability  to  repair  combat  vehicles  could  be  used  to  describe  the  avail- 
ability of  repaired  combat  vehicles,  the  latter  being  a required  input  to 
the  warfighting  model. 


Slide  3 

The  presentation  will  follow  the  outline  shown  here.  The  warfighting 
model  involved  was  the  Concepts  Evaluation  Model  (CEM),  a submodel  that 
grew  out  of  the  FOREWON  (Forces  and  Weapons)  system  of  models.  FASTALS 
is  an  acronym  for  Force  Analysis  Simulation  of  Theater  Administrative  and 
Logistic  Support.  In  a moment  we  will  briefly  look  at  som?  characteris- 
tics of  these  models. 


Slide  3 off 

To  put  the  project  more  clearly  into  perspective,  it  is  important  that 
we  should  know  something  about  the  force  structuring  process  as  it  is 
accomplished  at  the  Concepts  Analysis  Agency. 

Slide  4 
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There  are  several  models  (strategic  litt,  warfighting  analysis  and 
support  force  roundout)  that  necessarily  interact.  The  subordinate  role 
of  FASTALS  in  the  system  is  a direct  reflection  of  its  function  as  a re- 
quirements model.  In  a nutshell,  (ASTAI.S  is  designed  to  identify  a re- 
quirement tor  whatever  support  forces  the  combat  force  needs  to  conduct 
the  war.  lhe  logistical  limits  on  the  war,  established  before  the  war 
begins,  heretofore  have  been  only  marginally  related  to  the  capability  of 
the  support  force. 

Slide  4 off 

To  complicate  the  problem  of  identifying  the  required  support  force, 
certain  support  requirements,  inherent  to  the  support  needs  of  the  combat 
force,  were  not  being  considered  by  the  support  force  roundout  model-- 
specifically  combat  damage.  Having  reached  the  rather  startling  conclu- 
sion that  combat  damage  was  being  i nadvertantly  ignored  in  the  structur- 
ing of  the  theater  maintenance  force,  in  February  of  this  year  we  under- 
took to  describe  combat  damage  as  an  additional  theater  workload  and  then 
to  jse  the  capability  of  the  theater  support  force  to  limit  Cl  M's  ability 
to  repair  combat  vehicles.  Our  objective  was  to  develop  a fix  that  would 
be  ready  in  time  for  the  force  structuring  process  that  was  to  begin  in 
June  of  this  year.  If  fate  would  have  it  that  we  needed  more  than  five 
months  to  complete  the  fix,  we  knew  the  results  of  our  efforts  would  not 
bear  on  the  Army  force  structuring  process  until  June  of  19/8.  Hefore  we 
get  too  deeply  into  the  matter  of  combat  damage,  however,  let  us  digress 
for  a minute  to  look  at  the  two  key  models. 

Slide  5 

Our  dicussions  will  focus  on  the  relationships  that  should  exist  be- 
tween the  logistic  summary  and  the  logistic  input. 

Slide  6 

Resource  status  files  are  the  means  by  which  CCM  keeps  track  of  its 
logistics  si tuation--we  have  a particular  interest  in  the  Major  Item 

Files. 
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Major  items  are  made  available  to  the  combat  force  either  as  replace- 
ments or  as  an  output  of  the  theater  maintenance  system.  In  the  CFM, 
only  tanks.  Af’Cs  and  helicopters  are  repaired.  There  was  no  mechanism  to 
vary  the  capability  of  the  CFM  maintenance  system  once  the  war  had  begun. 
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T hr  re  jre  four  types  of  equipment  losses  reported  by  CtM.  The  percent 
,<  e,)Utpmrnt  by  category  (tank,  APC  or  helicopter)  that  falls  into  each 

. t types  of  losses  is  established  by  vulnerability  studies  and 
«r>r  . ; ,rn"  as  far  as  this  project  was  concerned.  While  there  was  no 

..  •,  <v.t  time,  in  the  CFM  maintenance  cycle,  CFM  did  permit  a 

« . . j.,ein»  to  develop  and  could  accept  a delay  in  return  of  the 

'.-nt  to  the  combat  force  in  increments  of  four  days  (a 
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While  there  is  certainly  more  to  know  about  CtM,  it  is  best  that  we 
take  a similarly  brief  look  at  FASTALS  at  this  time. 
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FPIS  stands  for  Force  Planning  Information  System,  a Management  Sys- 
tems Support  Agency  product.  The  maintenance  requirements  data  published 
in  the  FPIS  file  is,  in  fact,  a statement  of  MACR1T  data  which  itself  is 
•an  extensive  compilation  of  the  maintenance  skills  required  to  maintain 
the  equipment  organic  to  every  US  TOE. 
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FASTALS  requires  this  kind  of  information  for  every  unit  in  the  force. 
FASTALS  maintenance  requirements  are  extracted  directly  from  the  data 
periodically  published  as  part  of  the  Force  Planning  Information  System. 
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In  the  numerical  sequence  shown,  FASTALS  computes  the  support  force 
that  is  required  for  each  region  of  the  theater  and  iterates  until  it 
reaches  a stable,  time  phased  force  deployment  troop  list  incremented  at 
10-day  intervals  for  the  duration  of  the  theater  war. 
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In  very  general  terms,  then,  this  is  the  relationship  that  existed 
between  CEM  and  FASTALS  before  we  embarked  on  the  project.  Communication 
between  the  models  was  a one-way  street.  While  CEM,  in  its  system  of 
reports,  was  telling  force  planners  what  and  how  much  equipment  was  com- 
bat damaged,  FASTALS  was  unable  to  deal  with  that  knowledge,  being  forced 
to  rely  on  FPIS  for  a statement  of  the  maintenance  requirement.  And,  of 
great  concern  to  many,  the  models  did  not  consider  the  capability  of  the 
support  force  in  the  equation  of  theater  combat  power. 
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These  findings  led  us  to  the  conclusion  that  combat  damage,  as  a pro- 
duct of  the  war,  had  to  be  considered,  measured,  and  addressed.  There 
were  some  questions  that  we  knew  would  have  to  be  answered,  however,  be- 
fore we  could  integrate  the  models. 

Slide  15 

Even  if  we  could  find  a manageable  definition  of  combat  damage  there 
were  other  questions  to  be  answered,  and  we  knew  that  some  model  modifica- 
tion would  be  required. 
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The  team  was  a low  profile  gathering  of  concerned  analysts.  There  was 
no  structure;  we  were  only  loosely  knit,  if  knit  at  all.  We  gave  each 
other  encouragement,  advice  and,  as  appropriate,  compassion.  We  were 
strong  on  creative  expression  and  light  on  formality.  In  fact,  we  sought 
to  avoid  attention  for  fear  that  we  might  lose  control  to  a more  formal- 
ized statement  of  our  project,  its  institutionalization  and  the  inevit- 
able cost  in  time. 
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In  that  we  thought  it  necessary  to  define  combat  damage  in  terms  of 
man-hours  to  repair,  there  were  some  statements  of  doctrine  and  assump- 
tions that  had  to  be  made. 
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In  concept  definition  we  had  to  identify  this  echelon  at  which  certain 
levels  of  damage  would  be  addressed,  and  we  had  to  know,  for  queuing  pur- 
poses, the  amount  of  maintenance  backlog  that  was  to  be  permitted  by 
theater  policy.  Finally,  we  chose  not  to  look  at  the  capability  of  vari- 
ous maintenance-related  MOSs  but  rather  at  the  unit  capability  as  ex- 
pressed in  Section  I of  each  maintenance  TOE. 
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Several  times  now  we  have  made  reference  to  C0DAN--the  Ordnance  and 
Chemical  Center  and  School's  Combat  Damage  Assessment  Model.  The  team 
found  COOAM  to  be  the  most  reliable,  immediately  available  expression  of 
the  time  required  to  repair  a combat  damaged  tank.  While  the  CODAM 
statement  of  repair  times  was  subjective,  the  times  were  the  best  opin- 
ions of  experienced  NCOS  and  Warrant  Officers  who  were  thoroughly  pre- 
pared, by  recent  and  controlled  exposure  to  actual  combat  damage,  to 
render  an  expert  opinion.  Those  expert  opinions  were  considered  in  con- 
junction with  opinions  of  professionals  assigned  to  the  Ordnance  and 
Chemical  Center  and  School,  and  ultimately  became  a data  input  to  this 
combat  damage  assessment  model.  Our  efforts  to  validate  the  CODAM  pro- 
duct with  empirical  data  and  with  advanced  model  results  available  at  BRL 
were  intuitively  satisfying  but  never  pursued  to  a formal  conclusion. 
Subsequent  decisions,  however,  by  a DA,  DCSLOG  team  studying  combat  es- 
sential repair  parts  requirements,  happily  have  substantiated  our  confi- 
dence in  CODAM. 
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The  lower  half  of  this  portrayal  of  the  CODAM  distribution  represents 
CODAM  output  data,  stratified  into  levels  of  maintenance  as  established 
and  defined  earlier  in  this  presentation.  The  expected  value  of  550 
maintenance  man-hours  for  the  average  depot  maintenance  job  is  a com- 
fortable expression  of  a battlefield  kill  — a repair  task  that  would  not 
be  undertaken  within  the  corps.  As  such  it  approaches,  percentage-wise, 
the  vulnerabil ity  analyses  that  traditionally  have  been  employed  in  war- 
fighting simulations  at  CAA.  In  this  regard,  then,  the  CODAM  distribu- 
tion left  us  with  a certain  sense  of  "being  in  the  ballpark".  The  upper 
half  of  this  slide  is  the  result  of  our  conversion  of  CODAM  full  spectrum 
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damage  Into  the  direct  support  and  general  support  maintenance  workloads 
that  were  to  be  subsequently  addressed  in  our  team's  capability  analysis. 
Using  CODAM  data,  we  were  able  to  say  that  76  pecent  of  the  tanks  that 
sustained  a single  hit  on  the  battlefield  would  require  an  average  of  14 
man-hours  of  direct  support  maintenance,  and  that  24  percent  would  re- 
quire 69  man-hours  of  general  support  maintenance. 
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In  an  attempt  to  reconcile  several  emerging  theater  maintenance  con- 
cepts, we  made  two  changes  to  what  had  been  previously  portrayed,  in  CAA 
models,  as  doctrine.  Neither  modification  was  expected  to  cause  any  sub- 
stantial difficulties  for  force  planners  who  might  choose  to  act  on  the 
results  of  our  force  structuring  recommendations.  The  first,  and  perhaps 
most  radical  departure,  was  the  introduction  of  a Battle  Damage  Contact 
Team  (TOE  29-610  series)  that  was  designed  to  respond  to  the  FM  100-5 
call  to  "support  forward".  The  Battle  Damage  Contact  Team  would  be  pre- 
sent throughout  the  combat  zone  to  deal  with  the  direct  support  portions 
of  combat  damage  and  with  normal  maintenance  tasks  that  were  beyond  the 
capacity  of  the  divisional  and  nondivisional  direct  support  units.  The 
other  change  was  the  introduction  of  a means  to  model  the  pool  of  repair- 
able equipment  that  is  representative  of  the  backlog  known  to  be  essen- 
tial to  general  support  maintenance  operations. 
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A modification  to  FASTALS  logic  was  required  to  allow  the  introduction 
of  CODAM  generated  maintenance  requirements.  Once  embodied  as  a part  of 
the  FASTALS  workload  no  other  changes  were  required,  short  of  a brief 
manual  conversion  of  theater  maintenance  capability  into  an  expression  of 
the  number  of  combat  vehicles  produced  by  the  theater  maintenance  facil- 
ity. The  conversion  process  became  principally  a bookkeeping  exercise. 

In  general,  a portion  of  the  man-hours  available  in  the  theater's  mainte- 
nance units  were  counted  and  allocated  against  the  requirement  to  repair 
the  combat  damage  that  was  reported  by  CEM.  The  result  was  the  number  of 
combat  vehicles  capable  of  being  repaired  by  each  maintenance  unit. 
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The  process  of  allocating  unit  maintenance  capability  to. a varying  mix 
of  tanks  and  APCs  is  shown  here. 
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This  process  depicts  our  technique  for  fencing  writ  capability  for  the 
repair  of  noncombat  vehicles  such  as  trucks.  The  example  shown  here  is 
indicative  of  a fictitious  theater  commander's  desire  to  use  60  percent 
of  the  maintenance  man-hours  available  to  this  company  to  repair  tanks 
and  APCs. 

Slide  25 

To  attenuate  a maintenance  unit's  capability  during  its  first  few  days 
in  the  theater  we  reduced  the  design  capability  line  to  some  percentage 
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less  than  100.  In  this  case  an  armored  division  maintenance  battalion  is 
capable  of  repairing,  during  its  initial  four  days  in  the  theater,  the 
combat  damage  that  is  sustained  by  75  tanks  and  121  APCs.  The  damage 
addressed  by  this  divisional  maintenance  battalion,  we  must  recall,  is  by 
definition  direct  support  and  is  relatively  light,  requiring  only  14 
maintenance  man-hours  per  tank.  The  time  to  repair  APCs  was  subjectively 
determined  based  on  empirical  data  that  was  assembled  into  a distribution 
similar  to  that  of  CODAM.  It  is  set  at  12  man-hours  of  direct  support 
maintenance  per  APC. 
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Data  shown  here  is  for  a nondivisional  direct  support  maintenance  com- 
pany (forward);  one  that  by  doctrine,  for  example,  supports  an  armored 
cavalry  regiment  in  an  area  support  role. 
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This  is  a general  support  maintenance  company.  Its  four-day  capabil- 
ity is  considerably  less  than  that  of  the  direct  support  companies  be- 
cause the  damage  it  repairs  is  far  more  extensive--69  vs  14  maintenance 
man-hours  per  tank. 
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The  quantities  of  repaired  vehicles  we've  been  talking  about  here, 
when  multiplied  by  the  number  of  maintenance  units  available  in  the 
theater,  became  the  maximum,  time-phased  output  of  the  CEM  maintenance 
facility. 
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If  you  recall,  the  CEM  maintenance  facility  could  not  accomodate  a 
variable  capacity  statement,  nor  could  it  accept  a statement  of  mainte- 
nance capacity  for  US  tanks  that  was  different  from  that  for  NATO  tanks. 
In  other  words,  once  set  in  the  model  the  CEM  maintenance  facility  would 
repair  a certain  number  of  tanks  for  each  of  12  types  from  D-day  to  war's 
end,  given  that  the  repairable  asset  was  in  the  maintenance  queue.  It 
was  essential  that  some  flexibility  be  built  into  the  CEM  to  capitalize 
on  our  now  more  comprehensive  and  accurate  statement  of  theater  mainte- 
nance capability. 
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The  new  CEM  maintenance  facility  consists  of  three  partitions  (US, 

FRG,  and  other  NATO,  for  example)  with  a separate  facility  for  each  cate- 
gory of  equipment  (tank,  APC,  helicopter)  within  each  partition.  Each 
facility  operates  with  a queue  and  a transportation  delay,  and  the  per- 
cent output  of  each  facility  matches  the  input  percentage  by  equipment 
type.  In  this  way  we  have  established  a means  to  roughly  approximate  a 
theater  maintenance  priority  system. 
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Having  defined  combat  damage,  and  modified  both  the  warfighting  model 
and  the  theater  support  force  roundout  model,  we  were  now  capable  of  in- 
troducing the  variable  maintenance  capability  and  measuring  its  effect  on 
the  warfighting  analysis. 
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Shown  here  are  two  representations  of  tank  losses  sustained  during 
recent  simulations  at  the  Concepts  Analysis  Agency.  The  actual  numbers 
are  not  important  and  have  been  deleted  from  this  slide.  What  is  impor- 
tant is  that  in  the  early  days  of  the  war,  simulated  in  our  models,  there 
is  a large  number  of  damaged  tanks.  There  is  an  incentive  to  repair 
these  tanks  and  return  them  to  the  combat  elements  on  an  expedited  basis, 
especially  since  they  are  heavily  weighted  contributors  to  the  firepower 
of  the  theater  force.  The  period  of  high  losses,  however,  occurs  exactly 
at  that  time  when  one  would  expect  the  US  to  have  its  least  capability  to 
repair  is  damaged  equipment.  It  is  important  then,  that  decision  makers 
not  be  misled  by  an  overstatement  of  our  repair  capability.  In  the  past, 
force  planners  did  not  have  the  tools  with  which  to  vary  the  repair  cap- 
ability of  the  theater  maintenance  force.  And  understandably,  in  an  ef- 
fort to  portray  an  "average"  capability  over  the  course  of  the  simulated 
war,  the  capability  in  the  early  days  of  the  war  was  overstated.  This 
overstatement  was  directly  translated  into  a " greater- than-real “ avail- 
ability of  combat  vehicles  with  an  attendant  relatively  high  intensity  of 
the  warfighting  analysis.  That  high  intensity  carried  with  it  a high 
ammunition  rate  and  comparably  high  rates  of  personnel  and  equipment 
losses,  especially  during  the  early  days  of  the  simulated  war. 
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The  maintenance  capability  that  was  attributed  to  the  US  forces  in  the 
European  theater  for  a recent  study  is  shown  here.  The  theater  mainte- 
nance capabilities  of  1650  US  tanks  and  1768  US  APCs  are  not  at  all  unre- 
asonable for  a mature  theater,  but  it  is  our  opinion  that  the  model 
shortcomings  we  have  been  discussing  forced  model  operators  to  misrepre- 
sent the  theater  capability  in  the  early  days  of  the  simulated  war.  What 
is  not  apparent  on  this  slide  is  the  fact  that  every  NATO  tank  and  every 
NATO  APC  was  being  repaired  at  the  same  rate;  there  was  no  way  to  tailor 
the  capability  of  the  theater's  maintenance  facilities  to  reflect  a dif- 
ference in  national  preparedness  or  fundamental  capability. 
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The  red  lines  indicate  the  capabilities  that  are  now  being  portrayed 
In  the  CEM.  Different  capabilities  are  being  employed  for  non-US  NATO 
forces.  And  as  one  can  see,  the  US  capability  logically  grows  as  US 
forces  arrive  and  settle  into  the  theater.  In  that  the  theater  is  no 
longer  able,  in  the  wink  of  an  eye,  to  repair  its  battle  damaged  combat 
vehicles,  the  intensity  and  overall  tone  of  the  simulated  war  has 
changed.  And  that  isvas  it  should  be.  If  we  can  control  the  inputs  to 
our  simulation  models,  we  should  expect  to  find  the  models  willing  to 
respond  to  the  factors  we  use  to  simulate  reality. 
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The  title  of  this  presentation  Is  "Combat  Damage  - A Factor  of  Sig- 
nificance In  Theater  Army  Force  Structuring".  This  chart  portrays  the 
significance  of  combat  damage  In  the  force  structuring  process  at  the 
Concepts  Analysis  Agency.  Not  only  has  a new  workload  been  Introduced 
Into  the  force  structuring  process,  however.  The  undertaking  of  the  pro- 
ject prompted  a doctrinal  review  and  thorough  scrub  of  maintenance  unit 
allocation  rules  with  the  following  effect  on  the  composition  of  the 
maintenance  force  in  the  several  corps  of  a recent  theater  simulation  at 
the  Concepts  Analysis  Agency. 
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This  reduction  has  been  accomplished  while  providing  a more  timely, 
more  complete  maintenance  service  to  the  corps  commander. 
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No  study  would  be  complete  without  an  assessment  of  its  shortcomings. 
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On  the  other  hand  the  five  months  that  were  rather  frantically  spent 
in  pursuit  of  our  objective  appear  to  have  been  worth  the  Investment. 
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The  team  that  rose  to  the  challenge  of  this  task  is  responsible  for 
the  benefits  it  brings  to  the  force  structuring  process.  There  are  some 
known  shortcomings  in  the  methodology  and,  I'm  sure,  some  that  have  not 
yet  been  discovered.  I'll  gladly  take  credit  for  them,  and  respond  posi- 
tively to  any  constructive  criticism  you  may  like  to  express  at  this 
time. 
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TITLE;  Computer  Aided  Battlefield  Operations  Management  System  (CABOMS) 

AUTHOR:  Mr.  Valentin  C.  Berger 

US  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command 

ABSTRACT : The  purpose  of  this  paper  is  to  outline  concepts  for  a computer- 
aided  battlefield  deployment  and  logistics  support  system.  CABOMS  is 
presented  as  a composite  of  automated  and  semi-automated  capabilities 
supplied  to  field  commanders  in  order  to  increase  their  perception  and 
mastery  of  combat  operations.  The  system  is  intended  to  supplement,  rather 
than  to  replace,  current  combat  operations  management  techniques.  The 
paper  stresses  the  automated  reportage  of  weapon  systems  fuel  and  ammunition 
residuals  as  a means  for  increasing  the  effectiveness  of  logistics  supply 
support  activities. 
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SUBJECT: 


Computer  Aided  Battlefield  Operations  Management  System  (CABOMS) 


AUTHOR:  Mr.  Valentin  C.  Berger 

AGENCY:  US  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command 

(USATSARCOM) 

1 . 0 PURPOSE 

The  purpose  of  this  paper  is  to  outline  concepts  for  a computer-aided 
battlefield  deployment  and  logistics  supply  support  system. CABOMS  is  inten- 
ded to  provide  realtime  contnand,  communications,  and  control  for  joint- 
service  combat  operations  via  fully  automated  and  semi-automated  data  proces- 
sing. Some  elements  of  the  proposed  system  are  currently  in  existence,  other 
elements  are  in  process  of  development,  and  still  others  require  definition, 
research,  and  experimentation.  The  CABOMS  is  intended  to  facilitate  the  im- 
plementation of  US  Army  doctrine  as  set  forth  in  FM  100-5. 

2.0  ASSUMPTIONS 

The  presentations  in  this  paper  are  based  upon  the  following  premises: 

2.1  Military  objectives  can  be  defined  quantitatively  in  terms  of  penetra- 
tion distances  and  of  other  significant  parameters,  such  as  equipment  and 
personnel  losses  and  the  interdiction  of  supply  flows  within  the  area  of  the 
battlefield; 

2.2  Individual  weapon  systems  (air  and  surface)  can  be  defined  quantita- 
tively in  terms  of  their  physical  characteristics  and  of  their  reaction  and 
performance  capabilities; 

2.3  In  tactical  battlefield  situations  the  achievement  of  military  objec- 
tives depends  upon  the  sustained  concentration  of  firepower  upon  hostile 
targets  in  a situation  where  air  and  surface  vehicles  are  in  movement  rela- 
tive to  each  other.  It  follows  that  military  advantage  accrues  to  that  force 
which  achieves  the  larger  degree  of  survivability  and  of  effective  logistic 
supply  support  while  maintaining  freedom  of  movement  over  extended  periods  of 
time; 

2.4  Terrain  topography  in  extensive  areas  of  the  world  have  been  converted 
to  a digitized  format  suitable  for  use  in  data  processing  machines; 

2.5  A comparable  digitized  mapping  effort  is  feasible  for  soil  character- 
istics of  potential  battlefields; 

2.6  A relatively  fine-grid  digitized  representation  of  weather  parameter 
dynamics  is  feasible  in  realtime  over  wide  areas; 

2.7  A number  of  models  have  been  written  and  exercised  that  are  capable  of 
simulating  engagements  between  friendly  and  hostile  weapon  systems.  These 
proqrams  may  be  used  to  determine  kill  probabilities  resulting  from  simulated 
engagements,  and  to  seek  the  minimization  of  friendly  losses.  Specifically, 
the  models  test  various  vehicle  approach  "tracks"  for  their  vulnerability  to 
hostile  weapons*  fire  and  determine  the  coordinates  of  the  least  vulnerable 
paths  to  their  objectives. 
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2.8  Draft  specifications  have  been  prepared  for  a Joint  Tactical  Informa- 
tion Distribution  System  (JTIDS)  (U) . The  JTIDS,  as  described  in  DCB 
Exhibit  7600,  employs  cryptoqraphic  encoding  technology  to  construct  a 
secure  cormunications  grid  capable  of  distributing  information  on  the  exact 
location,  identity,  status,  and  intent  of  friendly  and  hostile  air  and  sui- 
face  force  elements.  It  is  presumed  that  the  location,  identity,  and  status 
of  hostile  weapon  systems  are  obtained  via  active  and  passive  intelligence  - 
gathering  means  deployed  in  the  FEBA  and  beyond  it.  The  purjxise  of  the  JTIDS 
is,  therefore,  to  provide  in  realtime  an  accurate  and  unambiguous  represen- 
tation of  the  tactical  air  and  surface  situation  in  the  combat  theater. 

2.9  The  judgment  of  executive  military  personnel  is  essential  to  the  over- 
all conduct  of  combat  operations.  Any  automated  deployment  and  support  system 
is  required  to  feature  "man-in-the-loop"  control  for  the  performance  of 
critical  decisional  functions. 

3.0  CABOMS  CONCEPTS 

3.1  The  key  concept  of  the  CABOMS  is  the  integration  into  a realtime  com- 
mand, communications,  and  control  system  of  the  following  elements: 

a.  The  JTIDS,  for  the  purpose  of  establishing  a navigation,  location, 
and  communications  grid  projected  over  the  battlefield; 

b.  A digitized  topographical  terrain  representation  of  the  battlefield; 

c.  A digitized  representation  of  battlefield  terrain  soil  characteris- 
tics relevant  to  the  operation  of  wheeled  and  tracked  vehicles,  and  of  infan- 
try personnel; 

d.  A digitized,  continuously  updated,  representation  of  weather  condi- 
tions over  the  battlefield,  e.g.  visibility,  precipitation,  wind  parameters, 
temperature  gradients,  etc.; 

e.  The  weapon  system  survivability  assessment  capabilities  of  EVADE-type 
computer  models; 

f.  Models  designed  to  compute,  summarize,  and  display  tactical  situations 
for  the  benefit  of  military  personnel; 

g.  Interactive  Light  Pen/CRT/Computer  system,  and  communications  equip- 
ment providing  field  commanders  with  access  to  computer  facilities  and  to 
individual  weapon  systems  for  the  purpose  of  guiding  their  movements; 

h.  Intelligence  - gathering  systems  interfacing  with  the  JTIDS;  and 

i.  Computerized  intelligence  templating  techniques. 

3.2  Another  key  concept  of  the  CABOMS  is  tliat  each  weapon  system  may  be 
characterized  by  a Figure  of  Merit  (FOM) . As  understood  in  the  context  of 
this  paper,  the  FOM  is  a quantitative  representation  of  the  weapon  system’s 
capability  to  execute  its  design  mission.  It  follows  that: 


a.  The  FOM  is  a function  of  the  weapon  system's  potential  target 
array.  It  is  evident  that  the  FOM  of  a ounship  helicopter  armed  for  anti- 
armor combat  is  at  an  absolute  maximum  when  engaging  tanks,  personnel  car- 
riers, or  truck  convoys. 

b.  The  FOM  is  a function  of  the  weapon  system's  operating  time  since 
refueled  and/or  rearmed.  The  FOM  of  the  helicopter  above  is  near  zero  under 
either  conditions  of  low  fuel  reserves  or  of  ordnance  exhaustion; 

The  FOM  of  each  combat  vehicle  is,  therefore,  subject  to  variable-rate 
degradation  proceeding  from  the  utilization  of  on-board  fuel,  and  to  "stepped" 
degradation  due  to  the  expenditure  of  ammunition  rounds  (shells,  rockets, 
bullets,  etc).  It  is  evident,  then,  that  the  FOM  of  each  weapon  system  must 
be  continuously  updated  via  the  JTIDS  in  order  to  construct  in  realtime  a 
reliable  picture  of  adversary  tactical  capabilities  deployed  on  a battlefield. 
It  is  also  evident  that  the  quantification  and  aggregation  of  FOM's  (at  full 
design  capabilities)  must  be  based  upon  the  "pairing"  of  each  weapon  system 
with  each  battlefield  target  within  its  design  array.  Resulting  FOM  values 
must  then  be  stored  in  (computer  memory)  core  where  they  may  be  accessed  for 
the  purpose  of  simulating  the  dynamics  of  tactical  engagements. 

3.3  A subsidiary  concept  of  the  CABOMS  is  the  construction  of  Tactical 
Situation  Ratios  (TSR's)  for  use  in  the  models  of  3.1.d.  It  is  presumed  that 
the  movement  of  air  and  surface  weapon  systems  in  any  segment  of  a FEBA  is 
composed  of  displacements  normal  to  the  "edge  line"  and  of  displacements 
parallel  to  that  line.  These  displacements  may  be  combined  into  "absolute" 
displacements.  Further,  weapon  system  movements  are  characterized  by  compo- 
nent and  absolute  velocities,  and  the  weapon  system  itself  is  characterized 
by  its  Figure  of  Merit  (FOM) . The  combination  of  directional  displacement, 
absolute  velocity,  and  FOM,  may  be  used  to  model  each  weapon  system  in  a 
tactical  engagement  as  a vector  relative  to  the  JTIDS  grid.  The  engagement 
can,  therefore,  be  simulated  for  the  benefit  of  the  friendly  conmander  via  an 
optimization  program.  Specifically,  the  commander  will  be  provided  with  the 
combination  of  weapon  systems  most  likely  to  kill  each  hostile  target  with 
minimum  losses,  together  with  their  requisite  approach  courses  and  velocities. 
The  ratio  of  FOM’s  immediately  prior  to  the  engagement  constitutes  the  pro- 
jected TSR  and  is  a basis  for  decision  to  proceed  or  not  to  proceed,  and  the 
post-engagement  FOM  ratio  is  the  final  TSR.  It  is  evident  that  the  projected 
TSR's  over  any  significant  length  of  the  FEBA  may  be  used  to  measure  potential 
hostile  breakthroughs,  or,  conversely,  opportunities  for  the  exploitation  of 
friendly  force  advantages.  Final  TSR's  may  be  used  to  trigger  logistic  sup- 
port and  to  guide  offensive  or  defensive  redeployments  of  friendly  resources. 
The  TSR  concept  therefore  provides  an  automated  technique  for: 

a.  Selecting  friendly  weapon  systems  combinations  most  likely  to  kill 
the  hostile  target; 

b.  Vectoring  the  weapon  systems  selected  toward  hostile  targets; 

c.  Providing  paths  of  minimized  vulnerability  for  controlled  weapon 
systems  approaching  their  targets; 

d.  Measuring  the  projected  and  the  final  TSR  ratios  for  discrete  engage- 
ments and  for  the  sum  of  engagements  along  extended  FEBA  segments; 
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e.  Anticipating  in  quantitative  terms  the  tactical  weaknesses  and 
opportunities  present  at  any  given  time  and  in  any  given  sector  of  the  battle- 
field; and 

f.  Reacting  appropriately  to  the  anticipated  situations. 

3.4  A second  subsidiary  CAB0M5  concept  relates  to  the  variable  FOM  of  wea- 
pon systems.  The  FOM  is  capable  of  degradation  (from  the  offensive  point  of 
view)  as  the  weapon  system  consumes  its  fuel  and  amnunition  reserves.  The 
FOM  is  therefore  sensitive  to  the  utilization  rate  and  utilization  time  of 
each  weapon  system,  and  must  be  recomputed  continuously  or  at  discrete  time 
intervals.  It  is  evident  also  that  the  functioning  of  the  logistic  support 
system  must  be  guided  to  maintain  the  FOM  of  individual  weapon  systems  as 
close  to  their  design  values  as  possible.  Under  the  dynamic  conditions  of 
the  battlefield,  this  "optimization"  process  must  be  exercised  continuously, 
leading  to  the  concept  of  computer-aided  supply  support  of  friendly  forces. 
Specifically,  the  iterative  display  of  FOM  status  for  all  friendly  weapon 
systems  will  be  used  by  field  commanders  to  vector  required  supplies  to  the 
appropriate  FARRP' s and/or  to  individual  systems  via  the  least  vulnerable 
tracks.  Simultaneously,  commanders  can  direct  degraded  weapon  systems  to 
the  FARRP' s that  are  being  resupplied,  and  vector  undegraded  systems  to  sec- 
tors where  tactical  engagements  are  imminent  or  are  in  progress.  Computer- 
aided  battlefield  management  is  thus  geared  to  shift  the  flow  of  materiel 
and  supplies  rapidly  towards  points  of  consumption,  to  project  shortages  in 
time  and  space  before  they  occur,  and  to  match  tactical  engagements  to  supply 
support  capabilities. 

3.5  The  preceding  discussions  have  indicated  that  the  JTIDS  locates  hos- 
tile tarqet/weapon  systems  within  the  friendly  navcom  grid.  This  capability 
of  the  JTIDS  may  be  coupled  with  digitized  terrain  and  weather  information 
and  with  EVADE-type  techniques  to  determine  the  least  vulnerable  approach 
tracks  for  enemy  weapon  systems.  The  same  capability  may  be  used  to  estimate 
the  FOM  of  hostile  systems  as  a function  of  their  known  performance  characte- 
ristics and  their  displacement  parameters  (running  time,  velocity,  etc). 

The  friendly  commander  can,  in  effect,  play  his  opponent's  game  and  proceed 
to  spoil  it.  Specifically,  he  can  attempt  to  stretch  or  to  block  "safe" 
tracks,  he  can  anticipate  enemy  resupply  needs  and  interdict  their  fulfill- 
ment, and  he  can  direct  maximum-FOM  friendly  systems  to  engage  degraded-FOM 
targets.  It  is  anticipated  that  these  activities  will  be  carried  out  in 
realtime  and  will  be  integrated  with  the  management  of  friendly  forces  and 
supply  support. 

3.6  Weather  and  terrain  intelligence  briefly  described  in  2.4,  2.5,  and 

2.6  is  essential  to  the  effective  implementation  of  contnand, control,  and 
tactical  war-gaming  per  3.3  above.  The  topography  of  the  battlefield  and  the 
physical  dimensions  of  the  ground  cover  determine  the  amount  and  location  of 
masking  available  to  surface  vehicles  and  to  helicopters  flying  NOE.  To  a 
lesser  extent  the  same  features  can  mask  the  flight  of  (ground-support) 
tactical  aircraft.  Soil-type  intelligence  combined  with  precipitation  and 
moisture  data  is  of  use  in  plotting  navigable  tracks  for  wheeled  and  tracked 
vehicles  traveling  off-road.  Visibility  and  other  weather  parameters  are 
critical  to  joint  air-surface  operations,  as  well  as  to  the  selection  and  use 
of  equipment  designed  to  overcome  certain  types  of  environmental  constraints, 
e.g.  darkness. 
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It  is  evident,  then,  that  both  the  static  and  the  dynamic  elements  of 
the  battlefield  environment  interact  with  the  weapon  systems  themselves  in 
am  extremely  complex  manner.  The  utilization  of  computer  data  processing  is 
the  logical  approach  to  dealing  with  the  perceived  complexities. 

3.7  The  various  concepts  presented  heretofore  require  a vizualization  of 
the  forward  battlefield  commander's  post,  and  of  some  of  the  hardware  and 
software  needed  to  make  the  CABOMS  work.  The  Colonel-level  commander  is  seen 
facing  three  display  CRT  screens: 

3.7.1  The  General  Tactical  Deployment  Display  (GTDD)  screen  showing  wea- 
pon systems  symbols  superposed  on  a grid  map  of  the  command's  segment  of  the 
battlefield.  The  GTDD  is  updated  automatically  at  rates  appropriate  to  the 
ground  speed  of  various  types  of  vehicles.  Each  weapon  system  symbol  repre- 
sents a maneuver  grouping  of  actual  vehicles  and  appears  at  the  instantaneous 
"center  of  gravity"  of  the  grouping.  Distinctive  coding  differentiates  friend- 
ly from  hosti’i  groupings,  and  identifies  the  type  and  number  of  weapon  sys- 
tems in  each  grouping. 

An  alternate  GTDD  presentation  is  available  on  this  screen  via  manual 
conmand.  This  display  converts  each  maneuver  grouping  symbol  into  its 
aggregated  FOM,  identifying  friend  and  foe. 

The  GTDD  system  is  provided  with  a display  recall  capability,  also  via 
manual  control.  The  Console  operator  selects  a retrograde  number  of  updates, 
and  the  screen  displays  the  trace  of  the  weapon  systems  groupings,  ending 
with  their  most  recent  position  relative  to  the  JTIDS  grid.  Individual  past 
displays  may  also  be  recalled  for  reference. 

A parallel  capability  is  provided  for  the  FOM  display,  for  the  recall  of 
any  selected  past  set  of  numbers,  or  of  the  presentation  of  a sequenced  set 
of  data.  Increase/decrease  trends  for  individual  vehicle  groupings  are  flag- 
ged distinctively.  Friendly/hostile  force  imbalances  are  also  flagged  for 
the  entire  command's  segment  of  the  battlefield. 

The  GTDD  additionally  displays  the  position  of  FARRP's  and  their  status 
in  coded  form,  as  well  as  the  location  and  status  of  rear  echelon  logistic 
facilities  and  supply  concentration  points. 

3.7.2  The  Selected  Tactical  Deployment  Display  (STDD)  screen  designed  as 
a subsidiary  of  the  GTDD.  All  of  the  functions  of  the  GTDD  are  made  available 
in  the  STDD,  except  that  a manually  selected  section  of  the  JTIDS  net  is 
"blown-up"  on  the  STDD  screen.  The  purpose  of  this  display  is  to  provide  a 
fine-grained  view  of  individual  weapon  systems,  of  their  positional  and  FOM 
status,  and  of  their  recent  "histories". 

The  commander  is  seen  using  the  STDD  for  "management-by-exception"  when 
specific  weapons  groupings  are  flagged  for  attention  on  the  GTDD  screen. 

3.7.3  The  third  screen  is  the  Tactical  Projection  Display  (TPD)  which 
permits  the  forward  commander  to  "war  game"  off-line  selected  engagements 
within  his  area.  The  TPD  can  be  slaved  to  either  the  GTDD  or  to  the  STDD  con- 
soles via  manual  control.  Using  a Light  Pen,  the  commander  "shifts"  either 


maneuver  qroupinqs  or  individual  weapon  systems  toward  the ii  objectives, 
taking  into  account  their  prior  trace  displays  on  the  GTDD  or  the  STUD 
screens.  On  manual  command,  the  TPD  accesses  the  computer  facility,  and 
followinq  the  requisite  processing  delay,  the  CRT  displays  minimum  vulner- 
ability tracks,  the  minimum  and  maximum  track  travel  times,  and  the  pro- 
jected TSR's  assuming  all  weapons,  friendly  and  hostile,  are  used  optimally, 
and  all  vehicles  follow  the  least  vulnerable  tracks  closely  en  route  to 
their  engagement  points. 

If  the  projected  TSR's  are  favorable  to  the  commander's  forces,  he 
switches  the  "war  plan"  to  an  active  mode,  and  appropriate  directional  infor- 
mation is  communicated  automatically  to  each  friendly  weapon  system  grouping 
or  vehicle.  If  the  projected  TSR's  are  unfavorable,  the  commander  can  re- 
play the  input  traces  off-line  with  systematically  stepped  speed  changes,  can 
change  all  cr  some  of  the  traces,  or  can  improve  the  projected  FOM  balance 
via  support  vectored  to  specific  grid  coordinates. 

Following  the  decision  to  activate  a particular  "war  plan",  the  GTDD 
(or  STDD)  updates  are  automatically  transferred  to  the  TPD  screen  in  the  form 
of  traces.  The  commander  can  thus  observe  the  movement  and  status  of  friendly 
and  hostile  forces  in  realtime,  with  display  updates  of  ROM's  and  of  projected 
TSR's.  As  hostile  forces  react  to  his  approach,  the  commander  can  take  the 
TPD  off-line  and,  using  the  Light  Fen,  can  refine  and  adjust  his  closing  de- 
ployments and  forward  supply  support,  project  new  TSR's  and  "activate"  the 
changes  by  returning  on-line. 

It  is  noted  that  the  three  CRT  displays  mentioned  above  can  lx’  integrated 
into  a multi-function  device  capable  of  being  switched  from  mode  to  mode  as 
needed.  It  is  further  noted  that  command  posts  as  described  here  can  be 
linked  electronically  to  achieve  handoff  capability  in  the  event  that  a post 
malfunctions  or  is  destroyed.  Handoff  would  be  accomplished  through  grid 
compression,  and  could  also  be  used  by  conmanders  along  the  FKRA  to  monitor 
adjacent  sectors  of  the  battlefield. 

3.8  The  command  posts  of  3.7  constitute  the  "front  line"  of  the  CABOMS, 
and  their  coverage  of  combat  activities  corresponds  to  the  Colonel's  Area 
(0  - 50  kms  depth)  at  the  GTDD  level  and  to  the  Captain's  Area  (0  - 5 kms 
depth)  at  the  STDD  level.  The  TDD  system  is  therefore,  intended  to  enable 
the  management  of  zones  of  direct  fire  as  well  as  of  zones  of  indirect  fire, 
counterfire,  and  tactical  maneuver.  With  reference  to  the  US  Army's  Opera- 
tions KM  100-5,  a real-echelon  command  jvist  is  envisioned  for  the  purpose  of 
implementing  the  functions  of  the  CABOMS  in  the  General's  Area  (0  - 150 
kms  depth)  of  the  battlefield.  Given  the  General's  assigned  overview  of  sup- 
port and  of  tactical  reinforcement,  the  following  CRT  displays  and  functional 
resources  are  envisioned  for  his  command  post : 

3.8.1  An  integrating  GTDD/TPD  system  capable  of  interfacing  with  a large 
number  of  forward  GTDD/TFD  systems  strung  out  along  the  FF.RA.  The  interfacing 
function  will  be  controlled  via  grid  compression/expansion  techniques  to  dis- 
play variable-length  segments  of  the  KF.BA.  This  system  will  access  and  dis- 
play GTDD  or  TrD  information  appearing  on-line  or  off-line  on  forward  CRT's. 

It  is  noted  that  this  capability  provides  double  redundancy  for  the  forward 
echelon  command  post,  since  they  are  also  capable  of  handing-off  their  fun- 
ctions/displays to  adjacent  posts  per  3.7.3. 


3.8.2  A software  system  capable  of  processing  intelligence  data  within 
the  command  area,  and  displaying  on  the  post's  GTDD/TPD  screen  (s)  the  dis- 
position of  all  major  force  elements  deployed  on  the  battlefield.  The 
technique  required  for  execution  of  this  function  is  an  elaboration  of 
intelligence  templatinq  wherein  the  presence  of  specific  hostile  weapon  sys- 
tems within  a particular  portion  of  the  JTIDS  grid  is  related  to  the  terrain 
and  to  the  enemy’s  known  doctrinal  deployment  concepts.  Computerized  tern- 
plating  is  envisioned  as  a dynamic  process  proceeding  over  a period  of  time, 
i.e.  as  a combined  disposition  and  event  templating  process.  The  symbolic 
representations  of  force  elements  on  the  GTDD/TPD  screen  (s)  will  be 
"animated"  so  as  to  display  their  directional  movement  across  the  battlefield 
along  with  subsidiary  time  and  velocity  information.  A companion  animated 
display  of  the  General's  allotted  force  elements  will  be  provided  on  the 
GTDD/TPD  screen  (s) , permitting  the  use  of  the  Light  Pen  to  "war  game"  a 
limited  number  of  large-scale  tactical  moves  and  engagements  designed  to  deal 

the  perceived  threat.  Upon  selection  of  deployments  with  favorable  pro- 
jected TSR's,  the  off-line  TPD  is  placed  on-line  and  is  broken  out  to  the  for- 
ward echelon  TPD's  where  the  Colonels  proceed  to  refine  (per  3.7.3)  sectional 
deployments  and  transmit  them  to  maneuver  groupings  of  joint  combat  arms  with- 
in their  jurisdiction. 

3.8.3  A software/hardware  system  capable  of  "war  gaming"  off-line  the 
integrated,  time-phased,  support  of  tactical  combat  operations  within  the 
General's  Area  of  the  battlefield.  This  function  is  "slaved"  to  the  manage- 
ment of  joint  combat  arms  force  elements  described  in  3.8.2  above.  Specif- 
ically, the  supply  support  requirements  of  each  battlefield  segment  are 
identified  and  updated  continuously  on  the  display  screen.  The  General  Offi- 
cer, or  his  proxies,  use  the  Light  Pen  and  a keyboard  to  integrate  the  total 
demand  for  ammunition,  POL,  maintenance  items,  and  personnel,  and  to  direct 
available  resources  towards  the  demand  points.  Diagnostic  displays  of 
deficiencies,  time  delays,  and  shortages  are  displayed  for  analysis  until  the 
cotimander  accepts  a particular  CRT  display  of  logistic  support  distribution  in 
space  and  time.  At  that  point,  the  rear-echelon  post  commander  "activates" 
the  support  scheme  by  going  on-line,  and  the  forward  commanders'  GTDD  and  TPD 
systems  are  made  to  reflect  the  progress  of  support  activities  in  their  respec- 
tive battlefield  segments. 

3.8.4  A system  for  representing  on  the  General's  GTDD/TPD  screen  (s)  in 
symbolic  form  the  deployment  of  EW  systems  across  the  battlefield.  The  system 
will  display  and  identify  ESM,  ECM,  and  ECCM  activities,  friend  and  foe,  and 
use  automated  intelligence  templating  techniques  in  support  of  the  commander's 
tactical  "war  gaming"  for  the  deployment  and  support  of  joint  force  elements. 
Animated  displays  of  EW  operations  provide  a spacial  and  chronological  imaging 
of  tactical  deployments  that  may  be  used  to  confirm  the  validity  of  animated 
force  elements  templating  executed  per  3.8.2. 

3.8.5  A system  capable  of  abstracting  in  GTDD  and  TPD  presentations  the 
symbols  corresponding  to  specific  friendly  and  hostile  combat  arms  systems, 
maneuver  groupings,  and  force  elements,  along  with  FOM,  TSR,  and  other  para- 
meters relevant  to  them.  This  software/hardware  system  is  intended  to  enable 
"specialists"  to  manage  their  systems  separately  during  selected  engagement 
sequences,  to  troubleshoot,  and  to  "war  game"  the  timing  and  support  of 
integrated  tactical  operations.  These  functions  are  particularly  relevant  to 
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the  management  of  close  air  support  of  nuclear  tactical  weapon  systems,  of 
POL  and  anmunitions  supply  support,  and  of  EM  operations.  During  critical 
phases  of  tactical  engagementss  a multiple  CRT  array  could  serve  to  provide 
each  specialist  with  his  GTDD/TPD  screen  and  Light  Pen,  leading  to  the  con- 
cept of  the  Command  Post  Van  (CPV) . 


3.9  The  Conmand  Post  Van  is  envisioned  as  an  air-transportable  off-the- 
road  "vehicle".  The  CPV  is  designed  to  accomodate  an  encoding/decoding/ 
communications  center,  a power  supply  system  (generator  set) , and  a center 
for  the  operation  of  a command  GTDD/TPD  CRT  console  flanked  by  subsidiary 
CRT  consoles  for  specialized  combat  arms  operations  per  3.8.5  above.  Com- 
mand conmunications  will  be  implemented  in  encrypted  format  via  secure  lines 
to  outlying  amplifier-antenna  stations  located  at  some  distance  from  the  CPV. 
The  CPV  is  not  envisioned  as  containing  a data  processing  facility.  Such  an 
installation  would  be  located  at  a considerable  distance  from  the  battle- 
field, and  would  accomodate  on  a time-sharing  basis  the  computational  re- 
quirements of  an  array  of  command  posts  covering  an  entire  combat  theater. 

3.10  Looking  towards  the  individual  weapon  systems  engaged  in  coordinated 
tactical  operations,  the  CABOMS  requires  that  they  be  capable  of  interfacing 
with  its  various  elements  of  command  and  control.  Specifically,  individual 
weapon  systems  must  be  capable  of : 

a.  Communicating  (via  the  JTIDS  network)  their  position  relative  to 
targets; 

b.  Reporting  their  POL  and  ammunition  reserves  status; 

c.  Reporting  their  altitude,  directional,  and  velocity  parameters;  and 

d.  Receiving  timing,  altitude,  directional,  and  velocity  parameter  in- 
structions from  command  posts. 

It  is  assumed  that  in  addition  to  these  capabilities,  weapon  systems 
such  as  helicopters,  armored  vehicles,  and  artillery  vehicles  are  provided 
with  self  contained  navaids  and  fire  control  systems.  It  is  therefore  pre- 
sumed that  CABOMS  - related  displays  of  track  and  timing  guidance  informa- 
tion will  be  used  in  conjunction  with  on-board  systems  to  enhance  the  sur- 
vivability and  combat  effectiveness  of  each  weapon  system  as  it  engages 
maneuvering  targets.  The  CABOMS  functioning  in,  say,  a tank,  is  envisioned 
as  operating  via  two  side-by-side  CRT's.  The  first  of  these  would  display 
an  array  of  potential  targets,  and  the  tank  itself,  on  a JTIDS  - generated 
grid  and  in  the  form  of  animated  traces  generated  by  successive  positional 
updates.  The  second  CRT  would  display  (on  manual  coiwnand)  the  bearing, 
velocity,  and  altitude  of  any  selected  target  within  the  array,  and  the 
course  and  running  parameters  needed  for  the  tank  to  close  with  target  with- 
in optimum  range  of  the  tank's  weapon.  Both  of  these  sets  of  information 
are  updated  at  discrete  intervals,  in  response  to  tracking  of  the  target  on 
the  one  hand,  and  to  the  iterated  computation  of  the  least  vulnerable  ap- 
proach track  for  the  tank  on  the  other.  As  the  engagement  point  is  neared, 
the  tank  commander  activates  his  fire-control  system  and  attacks  the  target. 
In  the  event  of  success,  he  selects  another  target  assigned  via  the  first 
CABOMS  CRT,  and  is  guided  to  engage  it  along  a path  of  reduced  vulnerability 
The  process  is  repeated  until  the  entire  target  array,  or  the  tank  itself, 
is  killed. 
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In  a defensive  mode  of  operation,  the  tank  commander  can  request  a 
reduced  vulnerability  track  away  from  an  oncoming  hostile  weapon  system. 

In  the  event  that  the  closing  rate  is  not  excessive,  the  CABOMS  provides 
requisite  Velocities,  timing,  and  heading  changes.  In  the  event  that  the 
enemy  is  too  close  or  too  fast,  the  CABOMS  provides  a visual  indication  of 
incompetence,  and  the  commander  deals  with  the  situation  via  on-board 
systems  only 

An  alternative  to  the  installation  of  CABOMS  - related  CRT's  in  each 
and  every  weapon  system  (tank,  helicopter,  etc.)  is  the  provision  of  that 
equipment  in  selected  vehicles  assigned  to  operate  in  conjunction  with 
maneuver  and/or  force  elements.  Vehicles  equipped  in  this  manner  may  then 
be  deployed  across  the  battlefield  when  and  where  needed.  It  is  envisioned 
that  these  mobile  command  posts  would  relay  conmand  quidance  and  control 
information  to  fielded  weapon  systems,  and  report  status  and  deployment 
dynamics  data  to  the  forward  command  posts  of  3.7  and  3.8. 

3.11  It  is  emphasized  that  the  CABOMS  is  not  intended  to  replace  human 
judgment  in  either  command  posts  or  in  the  cockpits  of  individual  weapon 
systems.  The  system  deliberately  "mimics"  the  interactive  dynamics  of  com- 
mand, control,  and  communications  as  they  exist  today.  At  the  same  time,  the 
system  strives  to  expan.’,  the  data  base  for  human  decision-making  and  to  aug- 
ment the  speed  with  which  complex  data  is  reduced  to  a comprehensible  format. 
Finally,  the  CABOMS  is  intended  to  provide  guidance  and  assistance,  rather 
than  orders  to  the  crews  of  fielded  weapon.  It  is  expected  that  crews  engaged 
in  combat  will  use  their  full  repertoire  of  on-board  equipment  and  training 
resources,  and  that  they  will  use  the  CABOMS  displays  and  terminals  to  good 
effect. 

4.0  THREATS  TO  THE  CABOMS 

4.1  The  enemy  threat  to  an  operational  CABOMS  deployment  is  expected  to  in- 
clude physical  damage  to  CPV's,  electronic  countermeasures  to  JTIDS  trans- 
missions, eavesdropping,  signal  intercept  activities  (spoofing,  etc.),  and 
strategic  attack  against  computer  facilities  and/or  relay  satellites.  It  is 
expected  that  CPV's  will  be  actively  defended  by  airmobile  elements  and  by 

AA  weapons,  and  that  the  full  spectrum  of  ECCM  techniques  will  be  used  to  pro- 
tect the  distribution  of  data  within  the  battlefield. 

4.2  An  important  friendly  threat  to  an  operational  CABOMS  deployment  is  a 
console  operator's  error  in  assigning  information  and/or  commands  to  the  com- 
puter, initiating  thereby  a garbaqe-in/garbage-out  sequence  of  management 
data.  This  threat  may  be  reduced  by  means  of  programmed  diagnostic  check 
loops  designed  to  test  the  validity  of  input  commands  and  data.  Improper  com- 
mands and/or  inconsistencies  can  be  identified  on  CRT's  for  attention  and 
correction. 

Another  means  for  reducing  the  above  threat  is  to  automate  as  much  of  the 
status  and  position  reportage  as  possible.  For  example,  the  tank  of  3.10  can 
be  equipped  with  electromechanical  means  for  transmitting  its  grid  position, 
fuel  status,  velocity,  and  weapons  utilization  data  without  requiring  the  at- 
tention of  its  crew.  It  is  evident  that  full  automation  of  repetitive  or  con- 
tinuous tasks  of  this  type  decreases  the  workload  of  combat  personnel  and 
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contributes  to  the  overall  effectiveness  of  the  CABOMS. 

4.3  Probably  the  most  important  threat  ot  the  effective  operation  of  the 
CABOMS  is  the  technical  feasibility  of  realtime  computer/weapon  systems  inter- 
lacing. It  is  recognized  that  the  computational  speed  and  capacity  of  exis- 
ting non-experimental  computers  falls  short  of  the  needs  of  a genuirie  realtime 
CABOMS.  It  is  therefore  necessary  to  rely  on  intermittent  guidance  interfac- 
ing between  tactical  force  elements  in  rapid  movement  and  computer  facilities 
accessed  via  command  posts  as  described  in  this  paper.  Development  of  an 
effective  CABOMS  must  target  this  problem  and  resolve  it  through  the  use  of 
elegant  software,  as  well  as  via  the  development  of  reliable  computer  systems 
capable  of  extremely  fast  operation  with  inmense  sets  of  data  bits. 

4.4  In  conclusion,  it  is  highly  probable  that  there  exist  no  alternative  to 
the  development  of  a CABOMS-type  of  battlefield  command  and  control  system 

for  the  purpose  of  winning  the  "first  battle"  and  the  battles  following,  if  i. 

any. 
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LIST  OF  ACRONYMS 

Computer  Aided  Battlefield  Operations  Management  System  , 

Command  Post  Van 
Cathode  Ray  Tube 

Electronic  Countermeasures  £ 

Electronic  Counter-Countermeasures 
Electronic  (Warfare)  Support  Measures 
Electronic  Warfare 

Forward  Area  Rearming  and  Refueling  Point  I 

Forward  Edge  of  Battle  Area 
Figure  of  Merit 

General  Tactical  Deployment  Display 

Joint  Tactical  Information  Distribution  System 

Nap-of-the-Earth 

Selected  Tactical  Deployment  Display 
Tactical  Situation  Ratio 
Tactical  Projection  Display 
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CABOMS 

CPV 

CRT 

ECM 

ECCM 

ESM 

EW 

FARRP 

FEBA 

FOM 

GTDD 

JTIDS 

NOE 

STDD 

TSR 
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ABSTRACT : Within  the  Army  Aviation  Research  and  Development  Command 
(AVRADCOM)  much  attention. is  being  focused  on  the  use  of  the  reliability 
improvement  warranty  (RIW)  as  a means  of  improving  field  reliability. 
Many  items  of  Army  aviation  equipment,  including  the  T-700  engine, 
scheduled  for  procurement  are  being  considered  as  candidates  for  a RIW. 
In  order  to  determine  the  effectiveness  of  a RIW  for  a given  procurement 
it  is  necessary  to  conduct  an  economic  analysis  of  the  proposed  RIW. 

This  office  has  developed  a computer  model  specifically  to  conduct  the 
required  economic  analysis.  In  its  present  form  the  model  was  specifi- 
cally designed  to  analyze  the  proposed  T-700  warranty  and  is  presently 
only  being  exercised  in  this  context.  However,  it  is  easily  adaptable 
to  a more  general  class  of  problems  and  its  capabilities  will  increase 
as  futher  warranties  are  analyzed. 


ECONOMIC  ANALYSIS  OF  RELIABILITY  IMPROVEMENT 
WARRANTIES  FOR  ARMY  AVIATION  SYSTEMS 


Mr.  Tony  Kassos 

U.S.  Army  Aviation  Research  and  Development  Command 

1.  INTRODUCTION 

In  recent  years  the  Army  has  placed  increasing  emphasis  on  the  use 
of  the  reliability  improvement  warranty  (RIW)  to  improve  the  reliability 
of  fielded  equipment.  In  spite  of  this  emphasis,  the  RIW  is  a recent 
development  in  Army  procurement  and  there  is  still  only  a limited  amount 
of  experience  in  its  application.  Most  of  this  experience  is  in  the 
procurement  of  electronic  equipment  and  only  recently  has  it  been 
considered  for  application  to  nonelectronic  equipment.  An  example  of 
such  an  application  is  the  proposed  new  equipment  limited  warranty  for 
the  T-700  engine,  the  powerplant  for  the  UH-60A  Blackhawk. 

The  key  to  the  successful  application  of  an  RIW  is  to  negotiate  a 
proper  warranty  price.  There  are  lower  and  upper  bounds  within  which 
the  warranty  price  must  lie  if  it  is  to  accomplish  its  purpose.  It 
should  not  be  so  low  as  to  put  the  contractor  in  serious  threat  of 
bankruptcy  but,  on  the  other  hand,  an  excessively  large  price  will 
negate  any  benefits  to  the  Army. 

The  methodology  and  computer  model  discussed  here  were  specifically 
designed  as  a tool  to  determine  the  worth  of  the  proposed  T-700  engine 
warranty  to  the  Army.  The  computer  model  was  specifically  designed 
around  the  T-700  warranty  and,  at  present,  is  only  being  exercised  in 
that  context.  However,  it  is  easily  adaptable  to  a more  general  class 
of  problems,  which  would  include  other  components  than  engines,  and  its 
capabilities  will  increase  as  additional  warranties  are  analyzed. 

2.  WARRANTY  ECONOMIC  ANALYSIS  LOGIC 

During  the  first  three  years  of  T-700  engine  deliveries  the  engine 
will  be  supported  by  the  contractor.  The  contractor  will  essentially 
perform  the  functions  of  a depot  while  an  Army  depot  capability  is 
being  developed.  During  this  three-year  contractor  support  period  the 
field  reliability  of  the  engine  will  be  covered  by  a new  equipment  lim- 
ited warranty.  Under  the  provisions  of  this  warranty  the  contractor 
is  responsible  for  all  failures  caused  by  defects  in  material  and  work- 
manship provided  that  such  failures  occur  within  the  three  year  support 
period  or  within  500  hours  of  running,  whichever  comes  first.  The 
contractor  will  absorb  all  or  part  of  the  costs  of  correcting  all  failures 
during  the  warranty  period.  The  percentage  of  repair  costs  borne  by 
the  contractor  is  determined  by  the  formula  shown  in  Figure  1. 


The  price  of  the  warranty  will  be  negotiated  as  a separate  line  item 
in  the  contract.  To  obtain  Ills  estimate  of  the  warranty  price,  the 
contractor  will  estimate  the  reliability  that  can  be  expected  from  the 
engine  over  the  warranty  period  and,  from  this,  determine  the  expected 
number  of  failures.  The  contractor  will  then  determine  the  cost  of  re- 
pairing the  forecast  number  of  failures  plus  a percentage  added  as  a 
risk  buffer  against  possible  errors  in  his  forecasting.  The  amount  of 
his  bid  will  be  determined  primarily  by  his  estimate  of  the  reliability 
of  the  engine  over  the  warranty  period  and  the  amount  ot  risk  buffer  he 
adds . 

At  first  glance  if  would  appear  that  the  Army  has  nothing  to  gain 
with  such  a warranty  as  it  is  still  paying,  albeit  indirectly,  for  the 
failures.  This  is  not  the  entire  story,  however,  as  a properly  applied 
warranty  can  bring  substantial  savings  in  operating  costs  to  the  Army. 

Since  the  contractor's  profits  are  directly  related  to  the  items  reli- 
ability in  service  use,  he  has  a strong  incentive  to  introduce  reliabil- 
ity improvements  in  an  expeditious  manner.  These  improvements  will  be 
introduced  as  engineering  change  proposals  installed  at  no  cost  to  the 
Army.  These  reliability  improvements  in  the  early  part  of  the  equipment's 
life  cycle  should  r.ximize  the  rate  and  amount  of  reliability  growth. 

Improved  reliability  results  in  savings  in  operating  cost.  If  the  savings 
in  operating  cost  due  to  the  improved  reliability  are  greater  than  the 
cost  of  the  warranty,  then  the  warranty  has  accomp 1 islied  its  purpose. 

In  order  to  get  the  maximum  benefits  from  a warranty  the  Army  must 
insure  that  the  contractor  does  not  charge  an  excessive  price  for  it. 

An  excessively  large  warranty  fee  will  reduce  the  contractor's  motivation 
to  improve  reliability  because  he  will  be  less  susceptible  to  the  conse- 
quences of  poor  reliability.  In  addition,  if  the  warranty  cost  is 
excessive  enough,  the  warranty  will  not  have  economic  benefit  over  the 
engine's  life  cycle  even  though  substantial  improvements  in  reliability 
were  obtained  during  the  warranty  period. 

The  situation  is  represented  graphically  in  Figure  2.  The  curve  A^Bjl’,, 

represents  the  cumulative  cost  of  the  no  warranty  alternative  plotted 
against  time.  This  alternative  is  the  management  decision  not  to  buv  a 
warranty  during  the  contractor  support  period.  For  simplicity  it  is  drawn 
as  a straight  line.  The  curve  A BjCj  represents  a baseline  warranty 
alternative.  The  distance  A ^ ~ao  represents  the  cost  of  the  warranty.  The 
cumulative  costs  of  the  warranty  alternative  at  first  increase  at  approx- 
imately the  same  rate  as  the  no  warranty  alternative.  However,  due  to 
reliability  improvements  Incorporated  by  the  contractor,  the  slope  ot 
this  curve  decreases  until  the  end  of  the  warranty  period  is  reached.  B 
is  the  "breakeven  point."  This  is  where  the  cumulative  costs  of  both 
alternatives  are  equal.  At  this  point  the  savings  due  to  the  reduced 
operating  costs  of  the  warranty  alternative  have  paid  back  the  cost  of  the 
warranty.  The  savings  over  the  lite  cycle  due  to  the  warranty  is  represented 
by  the  distance  C0  - C[. 
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If  tlu*  cost  of  tin*  warranty  is  increased  while  all  other  factors 
are  held  equal  (including  the  amount  and  effectiveness  of  t he  reliability 
improvements),  the  warranty  alternative  curve  will  be  The 

effect  of  increasing  flu*  cost  of  the  warranty  has  been  to  push  the  break- 
even point  further  out  in  time  to  B and  to  decrease  the  savings  over  the 
life  cycle.  If  the  cost  of  the  warranty  is  steadily  increased,  the 
breakeven  point  will  eventually  coincide  with  point  Co  and  the  cumulative 
cost  curve  for  the  warranty  alternative  will  be  A^CU.  The  warranty  cost 
for  which  this  occurs  is  called  the  "indifference  cost".  The  decision 
maker  will  theoretically  be  indifferent  as  to  which  alternative  is 
selected  as  the  cost  is  the  same  for  both.  For  a g;ven  reliability 
improvement  there  will  be  an  associated  indifference  cost.  If  the  warranty's 
cost  is  increased  still  further,  then  no  breakeven  will  occur  within  the 
life  cycle  and  there  will  be  an  increase  in  costs  due  to  implementing 
r'e  warranty  alternative  rather  than  a savings.  The  cumulative  cost  for 
the  warranty  alternative  in  this  situation  is  represented  by  the  curve 

AAC4* 

In  the  discussion  above  the  "cost  of  the  warranty"  was  varied  while 
other  parameters  were  held  constant.  There  are  other  inputs  which  must 
be  estimated  and  whose  variation  can  have  a significant  impact  on  the 
effectiveness  of  the  warranty.  The  most  critical  of  these  is  the  esti- 
mated reliability  improvement  for  the  warranty  alternative.  Reliability 
improvements  usually  imply  an  increase  in  the  mean  time  between  failure 
(MTBK)  which  implies  reduced  operating  costs.  The  situation  is  shown  in 
Figure  3.  As  in  Figure  2,  the  cumulative  life  cycle  costs  are  plotted 

versus  time.  The  curve  A B,C,  represents  the  cumulative  costs  of  the 
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no  warranty  alternative,  again  plotted  as  a straight  line  for  simplicity. 

The  baseline  warranty  alternative  is  represented  by  the  curve 

The  breakeven  point  is  Bj^  and  the  savings  over  the  life  cycle  due  to  the 
warranty  is  the  distance  CQ-C  . The  curve  Ajl^C^  represents  what  will 
happen  if  the  cost  of  the  warranty  remains  the  same  but  the  reliability 
improvement  is  not  as  good  as  expected.  The  slope  of  this  curve  is 
greater  than  A^B^C^  due  to  higher  operating  costs.  The  breakeven  point 
is  moved  further  out  in  time  from  B^  to  B£  and  the  savings  over  the  life 
cycle  are  reduced.  The  indifference  cost  is  reduced  also  although  it  is 
not  illustrated  on  the  graph.  If  the  reliability  improvement  is  reduced 
enougli.  there  will  be  no  breakeven  point  and  there  will  be  an  increase  in 
life  cycle  costs  due  to  implementing  the  warranty.  This  is  represented 
by  the  curve  A^C^. 
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3.  DESCRIPTION  OF  COMPUTER  MODEL 


3.1  OVERVIEW 

The  computer  model  Is  based  on  the  logic  described  above.  For  a 
given  forecast  reliability  improvement  the  model  will  determine  three 
measures  of  effectiveness.  These  are  the  savings  in  life  cycle  costs, 
the  time  of  breakeven  for  a baseline  warranty  cost  and  the  indifference 
cost . 

The  model  is  deterministic  and  handles  the  important  operational 
parameters  and  costs  ns  monthly  time  series.  The  life  cycle  costs  are 
determined  on  a monthly  basis  and  accumulated  as  the  program  progresses 
from  the  first  to  the  last  month  of  the  warranty’s  economic  life.  The 
model  logic  is  outlined  in  Figure  4. 

The  program  first  reads  the  input  data  and  then  initializes  for  the 
monthly  time  series  computations . The  computations  labeled  "monthly 
analysis"  are  then  performed  for  each  month  of  the  warranties  economic 
life.  Within  the  monthly  analysis  cycle  the  costs  for  the  current  month 
for  both  the  no  warranty  and  warranty  alternatives  are  determined  and 
added  to  their  respective  total  life  cycle  costs.  The  difference  between 
the  total  no  warranty  and  warranty  alternative  life  cycle  costs  are  then 
determined.  This  difference  is  the  quantity  of  interest  and  not  the 
absolute  value  of  either  alternative’s  cumulative  life  cycle  costs  as 
determined  by  the  model.  Only  those  costs  which  are  different  between 
the  two  alternatives  are  determined  by  the  model.  At  the  end  of  the 
monthly  analysis  cycle  the  difference  in  life  cycle  costs  is  checked 
to  see  if  the  breakeven  point  has  been  reached.  If  so,  the  month  in 
which  it  occurs  is  flagged.  When  the  last  month  of  the  warranty's 
economic  life  has  been  analyzed,  the  indifference  costs  for  various 
periods  of  time  are  determined.  The  indifference  cost  associated  with 
a certain  period  of  time  is  the  maximum  cost  a warranty  can  have  and 
still  have  a breakeven  within  that  period  of  time.  The  period  of  time 
Is  measured  from  the  beginning  of  the  warranty  period.  The  results  of 
the  analysis  are  then  printed  out.  If  sensitivity  analysis  is  to  be  run 
on  the  engine's  forecast  reliability,  new  reliability  data  is  read  and 
the  model  is  rerun.  If  not,  or  if  the  sensitivity  analysis  has  been 
accomplished,  the  program  terminates.  Some  of  the  more  important  operations 
indicated  in  Figure  4 are  discussed  in  detail  below. 

3.2  REQUIRED  INPUT  DATA 

The  required  input  data  is  listed  in  Table  1.  One  of  the  important 
differences  between  the  T-700  and  previous  Army  aircraft  engines  is  the 
modular  construction  of  the  T-700.  The  T-700  is  shown  in  Figure  5 and 
its  four  modules  are  shown  in  Figure  6.  These  four  modules  will  be 
managed  separately,  individual  modules  incurring  damage  and  being  repair- 
ed rather  than  entire  engines.  This  modular  construction  requires  that 
some  inputs  be  duplicated  for  each  module  rather  than  inputed  for  the 
complete  engine.  These  inputs  are  listed  in  Table  1. 
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TABLE  1 

REQUIRED  INPUT  DATA 

GENERAL  INPUT  DATA 

Length  of  study  period  (years) 

Aircraft  fleet  size  at  beginning  of  study  period 
Engine  inventory  size'  at  beginning  of  study  period 
Annual  discount  rate 
Field  labor  cost  ($/manhour) 

Engine  operating  hour  factor 
Number  of  engines  per  aircraft 
Number  of  modules 
Baseline  warrantly  cost 

First  month  of  contractor  support  period 
Length  of  contractor  support . period 
New  production  aircraft  delivery  schedule 
New  production  engine  delivery  schedule 
Flying  hour  program 

Time  phased  RAD  and  investment  costs  unique  to  the  no  warranty  alternative 
Time  phased  RAD  and  investment  costs  unique  to  the  warranty  alternative 
MODULE  DATA 

Round  trip  cost  from  AVIM  to  contractor  repair  facility 

Round  trip  cost  from  AVIM  to  Army  depot  repair  facility 

Manhours  to  remove  and  reinstall 

Cost  to  repair  in  contractor's  facility 

Cost  to  repair  in  Army  depot  facility 

Time  phased  forecast  MTBRDR  for  no  warranty  alternative 
Time  phased  forecast  WTBRDR  for  warranty  alternative 
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The  most  critical  of  the  listed  inputs  are  the  mean  times  between 
removal  for  depot  repair  (MTBRDR)  for  the  no  warranty  and  warranty  t 

alternatives.  Differences  in  these  two  inputs  determine  the  difference 
in  reliability  between  the  two  alternatives  which,  in  turn,  is  the  major 
factor  determining  the  difference  in  life  cycle  costs  between  the  two 
alternatives.  These  inputs  are  estimated  from  a limited  amount  of 
data  and  are  subject  to  uncertainty.  The  critical  nature  of  these  inputs 
and  their  imperfect  estimation  requires  that  they  be  subject  to  sensi- 
tivity analysis.  To  fill  this  need  the  model  has  a built  in  capability 
to  conviently  conduct. such  sensivity  analysis. 

3.3  MONTHLY  ANALYSIS  COMPUTATIONS 

The  monthly  analysis  computations  for  the  warranty  alternative  are 
outlined  below. 

The  discount  rate  is  determined  from  the  following  equation. 

DRM(M)  - 1/(1+MDR)M 
where 

DRM(M)  » The  discount  rate  for  the  current  month  M. 

MDR  - The  simple  monthly  discount  rate  that  is  equivalent  to  the 
inputed  simple  annual  rate. 

MDR  is  determined  from  the  following  equation. 

(1  + MDR)12_i  + ADR 
where 


ADR*  ■ Simple  annual  discount  rate. 

The  aircraft  fleet  size  and  engine  inventory  size  for  month  M is 
determined  from  the  following  equations. 

NAM(M)  - NAM(M-l)  + NPA(M) 

NEM(M)  - NEM(M-l)  + NPE(M) 

where 

NAM(M)  - Aircraft  fleet  size  for  month  M. 

NPA(M)*  - New  production  aircraft  delivered  during  month  M. 

NEM(M)  » Engine  inventory  size  for  month  M (Includes  both  installed 
engines  and  spares) . 

NPE(M)*  » New  production  engines  delivered  during  month  M (Includes 
both  Installed  engines  and  spares), 


* Indicates  input  data 
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The  total  fleet  flying  hours  and  total  engine  operating  hours  for 
month  M are  determined  from  the  following  equations. 

FHM(M)  = NAM(M)  x FHP(M) 

OHM(M)  - FHM(M)  x NIA  x OHF 
where 

FHM(M)  = Total  fleet  flying  hours  for  month  M. 

FHP(M)*  = Scheduled  flying  hours  per  aircraft  for  month  M. 

OHM(M)  = Total  engine  operating  hours  for  month  M. 

¥ 

NIA*  * Number  of  engines  per  aicraft 

OHF*  = Engine  operating  hour  factor.  Used  to  account  for  engine 
test  and  ground  running.  (current  value  used  is  1.3) 

The  composite  failure  rate  and  the  module  failure  weights  are 
determined  from  the  following  equations. 

FR2(I,M)  = l/MTBR2(I  ,M)  ; 1 = 1,  .....  NMOD 

NMOD 

CFR2(M)  = £ FR2(I,M) 

I = 1 

WT2(I,M)  = FR2(1,M)/CFR2(M) ; I = 1,  ....  NMOD 
where 

FR2(I,M)  = Failure  rate  (failures/operating  hour)  for  module  I 
during  month  M for  warranty  alternative. 

MTBR2(I,M)*  » Mean  time  between  removal  for  depot  repair  for 

module  1 during  month  M for  warranty  alternative. 

NMOD*  » Number  of  modules 

CFR2(M)  = Composite  failure  rate  for  month  M for  warranty  alternative. 

WT2(1,M)  = Module  failure  weight.  Fraction  of  total  engine  removals 
due  to  failure  of  module  1 during  month  M for  warranty 
alternative. 
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In  all  computations  involving  failure  rates  the  assumption  is  made 
that  during  month  M the  MTBRDR  of  Module  I is  exponentially  distributed 
with  mean  MTBRl(I.M)  and  MTBR2(I,M)  for  the  no  warranty  and  warranty 
alternatives  respectively. 

For  modeling  purposes  five  modules  were  defined  for  the  T-700  engine. 
Four  of  these  corresponded  to  the  four  modules  into  which  the  T-700  can 
be  physically  broken,  the  cold  section,  the  accessory  section,  the  hot 
section  and  power  turbine.  The  ffl'BRDR  inputed  for  these  modules  is  that 
corresponding  to  f ai lure  "modes  unique  to  the  individual  modules.  A fifth 
module  was  added  to  account  for  failure  modes  that  affected  the  whole 
engine  and  which  required  a complete  engine  overhaul. 

The  number  of  failures  during  month  M for  the  warranty  alternative 
(NF2(M))  are  determined  by  the  following  equation. 

NF2(M)  = CFR(M)  x ORM(M) 

The  cost  of  field  (AVUM  or  AV1M)  labor  caused  by  failed  engines  is 
determined  by  the  following  equations. 

NMOD 

WMRR2 (M)  = £ WT2(I,M)  x MRR(I) 

I-l 

CRR2 (M)  = NF2(M)  x FLR  x WMRR2 (M)  x DRM(M) 
where 

WMRR2(M)  = Average  manhours  at  AVUM  and  AV1M  level  associated  with 

a failed  engine  during  month  M for  the  warranty  alternative. 

MRR(I)*  = AVUM  and  AVIM  maintenance  manhours  associated  with  a failure 
of  Module  I. 

CRR2(M)  = Total  field  labor  costs  due  to  failed  engines  during  month 
M for  the  warranty  alternative. 

FLR*  = Field  labor  rate  (Dollars/Manhour) 

.The  shipment  costs  caused  by  engine  failures  are  determined  by  the 
following  equations . 

NMOD 

WSC2(M)  = £ WT2(I,M)  x SCC(I)  if  M<LMSP 
1 = 1 

NMOD 

WSC2(M)  = £ WT2(I,M)  x SCD(I)  if  M>LMSP 
1=1 


c 

; 

» : 


i 

i 

... 

i • 
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CSRF2 (M)  - NF2 (M)  x WSC2(M)  x DRMfM) 


where 


WSC2(M)  “ The  average  roundtrip  shipment  costs  between  AVIM  and  the 
repair  facility  associated  with  a single  engine  failure 
during  month  M for  the  warranty  alternative. 

SCC(I)*  ■ The  costs  bf  roundtrip  shipment  between  AVIM  and  the 
contractor’s  repair  facility  <f  one  Module  1. 

SCD(l)*  = The  costs  of  roundtrip  shipment  between  AVIM  and  the  Army 
depot  repair  facility  of  one  Module  1. 

LMSP*  = The  last  month  of  the  contractor  support  period. 

CSRF2(M)=  Total  shipment  costs  during  month  M for  Warranty  alternative. 

It  is  assumed  t at  prior  to  and  during  the  contractor  support  period 
all  repairs  will  be  done  at  the  contractor's  repair  facility.  After  the 
end  of  the  support  period  all  repairs  will  be  done  by  the  Army  depot 
facilitv . 

The  engine  repair  costs  are  determined  by  the  following  equations. 

NMOD 

WC0H2 (M)  “ £ WT2 (I ,M)  x COHC(I) , if  M < LMSP 
1=1 

NMOD 

WC0H2 (M)  = £ WT2(I,M)  x COHD(I) , if  M > LMSP 
1=1 


C0H2(M) 

where 


NF2 (M)  x WC0H2 (M)  x GCFM(M)  x DRM(M) 


_WC0H2(M)  = Average  repair  cost  of  a single  failed  engine  during  month  M 
for  the  warranty  alternative. 

C0HC(1)*  = Average  cost  to  repair  one  module  1 in  the  contractor 
repair  facility. 

COHD(I)*  = Average  cost  to  repair  one  module  1 in  the  Army  depot 
repair  facility. 

C0H2(M)  = Total  repair  costs  to  the  Army  during  month  M for  the 

warranty  alternative. 

GCFM(M)  = Government  Cost  Fraction  for  month  M. 


' A 


v: 
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The  Government  Cost  Fraction  is  a factor  used  to  account  for  the 
fact  that  the  repair  costs  are  prorated  between  the  Government  and 
the  Contractor  in  the  warranty  alternative.  Prior  to  and  subsequent  to 
the  support  period  the  government  will  pay  all  the  cost  of  repairs  so 
GCFM(M)  = 1 during  this  period.  The  value  of  the  Government  Cost 
Fraction  during  the  contractor  support  period  can  be  less  than  one. 

The  manner  in  which  this  quantity  is  computed  will  be  discussed  later. 

After  the  above  costs  are  computed  the  total  warranty  costs  are 
updated  as  follows. 

RDIC  - IC2 (M)  x DRM(M) 

WC  - 0,  if  M i I MSP 

WC  - BWCOST  x DRM(M)  if  M = 1MSP 

TC2 (M) = TC2(M-1)  + CRR2(M)  + CSRF2  fM)  + C0H2(M)  + RDIC  + WC 
where 

TC2(M)»  Total  warranty  alternative  cost  at  end  of  month  M. 

IC2(M)*=  Miscellaneous  research  and  development  and  investment 

costs  incurred  during  month  M by  the  warranty  alternative. 

BWC0ST*=  Baseline  warranty  cost 

IMSP*  = Initial  month  of  the  support  period. 

The  quantity  IC2(M)  and  the  corresponding  quantity  for  the  no  warranty 
alternative,  IC1(M),  are  used  to  account  for  various  nonoperating  cost 
differences  between  the  no  warranty  and  warranty  alternatives.  An 
example  of  such  a difference  would  be  the  need  for  the  Army  to  fund  a 
reliability  improvement  program  in  the  no  warranty  alternative.  No 
such  program  is  required  for  the  warranty  alternative.  In  addition 
all  product  improvement  proposals  (PIP)  and  engineering  change  pro- 
posals (ECP)  to  implement  reliability  improvements  would  have  to  be 
funded  by  the  Army  in  the  no  warranty  alternative.  Such  improvements 
would  be  implemented  at  no  cost  to  the  government  in  the  warranty  alter- 
native. 

The  baseline  warranty  cost  is  charged  during  the  first  month  of  the 
support  period.  Part  of  the  output  of  the  program  is  the  maximum  allow- 
able warranty  cost  (indifference  cost)  so  it  may  be  unclear  why  a warranty 
cost  should  be  part  of  the  input.  It  is  not  strictly  necessary  and,  in 
fact,  any  figure  can  be  entered  by  the  user,  even  zero.  However,  this 
figure  should  represent  the  best  estimate  of  the  warranty  cost  from 
other  sources  in  order  to  provide  baseline  results. 
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The  costs  for  the  no  warranty  alternative  are  computed  in  a way 
analogous  to  that  for  the  warranty  costs  and  will  not  be  discussed  in 
detail . 


3.4  GOVERNMENT  COST  FRACTION 


The  government  cost  fraction  (GCFM(M))  used  in  the  above  computations 
is  the  expected  fraction  of  repair  costs  that  are  borne  by  the  govern- 
ment during  month  M for  the  warranty  alternative.  To  determine  this 
quantity  for  month  M the  following  sequence  of  computations  must  be 
performed. 

First,  the  expected  fraction  of  repair  cost  borne  by  the  government 

during  month  M for  engines  delivered  during  month  N,  N = 1 M,  must 

be  determined.  This  is  determined  from  the  following  equations. 


AOH (M) 

COH(N.M) 

A 

n 


GCF(N.M) 


« OHM(M) /NEM(M) 

= COH(N.M-l)  + AOH(M);  N = 1,  ....  M 
» COH(N.M-l) 

- COH(N.M) 


where 


AOH(M)  " The  average  operating  hours  per  engine  during  month  M. 

COH(N,M)  » The  average  cumulative  operating  hours  at  the  end  of 
month  M of  engines  delivered  during  month  N. 

GCF(N,M)*  = The  average  fraction  of  repair  cost  borne  by  the  govern- 
ment for  a failure  during  month  M by  an  engine  delivered 
during  month  N. 

C(X)  * The  fraction  of  repair  cost  borne  by  the  contractor  when 

an  engine  fails  at  X operating  hours.  Figure  1 is  the 
curve  used  for  the  T-700  engine. 


The  above  method  of  determing  GCF(N.M)  is  valid  under  the  assumption 
that  during  month  M the  MTBRDR  of  an  engine  is  exponentially  distributed 
with  mean  CFR(M) . 

Next  the  distribution  function  of  engine  age  must  be  updated. 

If  new  production  engines  are  delivered  during  month  M (NPECMJ^O),  then 
the  following  equations  are  used. 

F(N,M)  - F(N ,M-1) / [ 1 + NPE(M) /NEM(M  - 1)] 

F(M,M)  - NPE(M) /NEM(M] 

where 

F(N,M)  - Fraction  of  total  engine  inventory  of  month  M that  was 
delivered  during  month  N. 

If  NPE(M)  = 0 then 

F(N,M)  - F(N.M-l)  ; N » 1,  ...,  M - 1 
F(M,M)  - 0 

The  Government  Cost  Fraction  can  then  be  determined  from  the  following 
equation. 

M 

CGFM(M)  ■=  £ GCF(N,M)  x F(N,M) 

N - 1 

4.  OUTPUT 

For  a single  reliability  improvement  the  model  provides  the  follow- 
ing output. 

1.  Operational  summary 

2.  Economic  summary 

3.  Graphic  display  of  no  warranty  and  warranty  life  cycle  cost 

4.  Indifference  costs  for  various  economic  lifes. 

4.1  The  operational  summary  provides  a monthly  listing  of  the  fleet 
size,  the  engine  inventory  size,  the  monthly  and  cumulative  flying  hours, 
failures  for  both  the  no  warranty  and  warranty  alternatives  and,  finally, 
the  composite  MTBRDR  of  the  engine  for  both  the  no  warranty  and  warranty 
alternative.  This  summary  is  not  strictly  necessary  for  an  economic 
analysis  but  is  provided  because  it  provides  the  analyst  insight  into 
the  dvnamics  of  the  simulation  and  also  assists  in  locating  input  errors. 

4.2  The  economic  summary  provides  a monthly  listing  of  the  monthly 
and  cumulative  costs  of  both  the  no  warranty  and  warranty  alternatives. 

The  month  that  the  breakeven  occurs  is  also  flagged  in  this  printout. 

A monthly  breakdown  of  the  life  cycle  costs  is  not  strictly  necessary, 
of  course,  as  the  quantity  of  interest  is  the  difference  in  total  life 
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cycle  costs  between  the  two  alternatives.  However,  as  in  the  case  with 
the  operational  summary,  such  a monthly  record  provides  insight  into 
the  dynamics  of  the  simulation  and  assists  in  locating  errors  in  input. 


A. 3 The  graphic  display  plots  the  cumulative  no  warranty  and  warranty 
costs  against  total  engine  operating  hours  and  against  time. 

A. A The  indifference  cost  is  computed  for  various  economic  lifes. 

The  economic  life  of  the  yarranty  starts  at  the  beginning  of  the  contrac- 
tor support  period  and  its  length  is  somewhat  arbitrary,  depending  on  the 
analyst's  opinion  of  what  a reasonable  economic  life  '.s.  It  can  extend 
to  the  end  of  the  engine's  life  cycle.  The  lengths  i the  economic  lifes 
chosen  by  the  model  for  indifference  cost  analysis  start  at  one  year  and 
are  incremented  by  a year  until  the  end  of  the  study  period  is  reached. 
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TITLE:  AVSCOM  Bayesian  Techniques  for  Reduced  Reliability  Assurance 
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AUTHORS : Mr.  Allan  W.  Gillespie  and  Mr.  Michael  P.  West 

ABSTRACT:  Reliability  Engineers  at  the  US  Army  Research  and  Development 
Command  have  long  been  exploring  ways  of  obtaining  reliability  estimates 
in  a quantitative  manner  which  would  involve  the  least  possible  amount  of 
flight  test  hours.  An  approach  that  has  proven  useful  is  to  utilize 
Bayesian  Techniques  to  develop  a reliability  assessment  procedure.  A 
Bayesian  approach  uses  intuitive  judgement  and  historical  maintenance 
data  incorporated  with  test  results  to  produce  a reliability  estimate. 
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INTRODUCTION 


For  the  past  decade,  the  reliability  engineer  has  been  constantly  seeking 
methods  to  estimate  the  mean-time-between-failure  (MTBF)  of  an  aircraft 
as  accurately  as  possible.  The  ability  to  come  up  with  reasonable  estimates 
of  reliability  is  sometimes  hampered  by  the  fact  that  some  development 
progtams  make  no  formal  reliability  provisioning.  In  many  of  these 
situations,  the  reliability  engineer  may  have  an  intuitive  feeling  as  to 
the  ability  of  the  system  to  meet  certain  reliability  goals,  based  on  past 
performance  data  on  similar  designs. 

Although  currently  used  methods  yield  reasonably  accurate  results,  they 
require  a great  deal  of  extremely  costly  flight  test  data.  In  an  age 
where  Life  Cycle  Cost  is  a prime  concern,  it  is  imperative  that  reliability 
data  be  obtained  with  a minimum  amount  of  test  hours. 

The  most  recent  attempt  to  meet  the  need  for  such  a program  is  documented 
in  [2].  This  approach  yields  accurate  MTBF's  yet  requires  fewer  test 
hours.  It  combines  the  data  from  flight  test,  prior  analyses  and  the  use 
of  bayesian  statistical  techniques. 
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BASIC  METHODOLOGY 


Reliability  Assessment  during  the  early  period  of  development  is 
traditionally  based  on  engineering  judgement.  Traditional  assessment 
methods  are  not  adequate  when  only  a small  amount  of  data  is  available. 
For  that  reason  we  have  gone  to  the  use  of  Baye’s  Theorem  which  allows 
us  to  assess  achieved  reliability  with  minimum  amount  of  test  data. 

The  mathematics  for  calculating  the  reliability  numbers  in  this 
program  differs  depending  on  the  input  data.  This  section  will  describe 
the  basic  mathematical  concepts  used  for  these  calculations. 

NOTATION 


6 

f(t) 


n 

P(0) 

P(0j) 

P(0j|B) 

r 

R(t) 

cx 

cr 

T 

T 

x 

x 


a 

0(MTBF) 

0, 


0, 


0 


A test  result 

Time  to  Fail  (probability  density  of  t) 

Test  data  sample  size 
Prior  data  simple  size 

Probability  distribution,  non-redundant  items 
lrior  probability  distribution  of  0^ 

Posterior  probability  distribution  of  0j 

Number  of  failures 

Reliability  of  an  item  at  time  t 

Time  of  x-th  failure 

Time  of  r-th  failure 

Total  test  hours 

Total  time  for  failed  items 

Variable 

Mode 

Exponent  determined  by  slope 
Mean-time-be tween-failures /Mean- t ime-to-fail 
Lowest  possible  \alue  of  0 
Most  likely  value  of  0 
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<o 


Highest  possible  value  of  0 


0 


H 


A(t) 


Discrete  values  of  0 
Failure  rate 


Hi 


BAYES  THEORY 

If  0 , 0o, ,0  are  mutually  exclusive  events  of  which  one  must 

occur,  t&at  is 

n 

1 V0r>  “ 1 then 

r*=l 

PR(0r|B)  “ PR(0r)  pR(®ler>  for  r_1’2 n (1) 

n 

Z PR(0r)PR(B|0r) 
r-1 

This  rule  yields  the  probability  that  the  "effect"  B was  "caused"  by  the 
event  0 . The  probabilities  PR(0  ) are  called  the  "prior"  or  "a  priori" 
probabilities,  and  Pg(0r|B)  is  called  the  posterior  probability  distribution 
of  0r.  After  the  prior  probability  distribution  of  MTBF  is  established 
and  some  test  data  is  available,  (1)  can  be  used  to  calculate  the  Bayes  or 
posterior  probability  distribution  of  0 . 


COMPUTER  CODE 


The  computer  program  used  in  this  Bayesian  approach  provides  estimates  of 
the  MTBF,  reliability  and  cost  of  each  component  of  the  aircraft  system. 
This  information  is  also  provided  for  those  components  which  affect  mission 
success  and  flight  safety. 

A component-by-component  review  is  made  to  estimate  the  probability  of 
which  component  will  be  the  first  to  fail.  Provisions  are  also  included 
for  components  with  redundant  or  backup  capabilities. 

INPUT  DATA 

The  program  requires  two  categories  of  input  data.  The  first  includes 
information  from  previous  results,  engineering  judgement  and  experience. 
This  is  termed  "prior  data."  The  second  is  that  of  "test  data"  associated 
with  each  component,  and  is  derived  from  flight  test  hours. 


t 


I 
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Prior  Data 


Various  types  of  prior  data  may  be  used.  Eight  such  classifications 
are  defined  in  Table  1. 

No  Data  PI.  The  first  class  is  that  in  which  no  information  is 
available.  For  some  developmental  systems,  it  may  not  be  possible  to 
obtain  any  prior  knowledge  either  by  estimate  or  results  for  similar 
components.  For  these  components  only  experimental  results  are  subsequently 
used  in  seeking  Bayesian  estimates. 

Beta  P2.  Occasionally,  it  is  advantageous  not  to  spell  out  the 
probability  distribution  of  0.  Instead,  the  user  may  be  more  confident  in 
stating  certain  characteristics  of  the  distribution  from  which  estimates  of 
P(0)  can  be  generated.  The  beta  probability  distribution  is  employed  here, 
and  uses  three  particular  estimates  of  0: 

» lowest  possible  value  of  0 

= most  likely  value  of  0 

“ highest  possible  value  of  0 

The  Beta  probability  distribution  is  a two  parameter  distribution  (a, 3) 
that  can  take  many  different  shapes  depending  on  the  value  of  a and  3- 
For  this  study  it  was  decided  that  nineteen  combinations  of  a and  3 would 
be  sufficient. 

These  are: 


0. 


0 

0 


a = 1,2,...., 10  with  3 ” 10 

and 

3 • 1,2 9 with  a » 10 

For  the  particular  case  where  a = 3 “ 10,  a distribution  very  close 
to  normal  will  result. 

In  a standard  Beta  distribution  with  probability  density  as  shown 
below,  the  variable  (x)  ranges  as: 


f(x)  - k.xa_1  (1-x)®-1  for  0<x<l  (2) 

0 elsewhere 

The  most  likely  value  or  mode  (xn)  is  obtained  by  maximizing  the  p.d.f. 
which  gives: 
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■o-l 

a + 3 - 2 


(3) 


x 

o 


The  mode  can  also  be  calculated  from 


x - 0n  - 0, 

o 0 L 


0H  ~ °L 


(A) 


The  mode  is  first  calculated  from  (A).  Then  (3)  is  used  by  substituting 
values  (shown  below)  in  order  to  determine  the  a and  3 that  give  the  closest 
result  to  (4). 


Example  1: 

Suppose  0^  - 10,  0^  “ 30  and  0^  ■ 130 

Substitution  in  (A)  yields 


x - 30  - 10  - .167 

130  - 10 

Now  using  (3),  it  is  seen  that  a - 3,  3-10  gives  the  closest  value  for 


x - 3-1  - .182 

3+10-2 


After  selecting  the  appropriate  a & 3,  the  probability  distribution 
of  x is  now  found  using 


© ” ©L  + “ ©l^x»  for  0<x<l  (5) 

At  this  point  it  is  possible  to  apply  (1)  and  obtain  the  posterior 
probability  distribution  of  ©r. 

Small  Samples  (Prior  and  Test).  The  most  general  class  includes  the  case 
in  which  n units  of  the  item  have  previously  been  tested  and  r units  of 
these  failed  at  known  test  times.  With  these  values,  P(0)  can  be  estimated 
and  used  as  the  prior  probability  distribution.  The  particular  distribution 
depends  on  whether  the  test  is  conducted  with  or  without  replacement  of  the 
failed  sample.  It  also  depends  on  whether  the  test  is  terminated  due  to  the 
number  of  failures  or  the  total  test  time. 


As  shown  in  [3]  the  average  value  of  MTBF  (0)  is: 
et,„  - T1>n+T2,n  + + Tr,n+(n-*)Tt. 


r 

0r,n  - Total  time  tested  on  all  units 
number  of  failed  units 


(6) 
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Tables  1 and  2 show  that  the  number  of  units  which  fail  is  denoted  by 
r for  prior  data  and  x for  test  data. 

The  determination  of  a value  for  T in  (6)  is  different  depending  again  on 
the  form  of  the  input  data  as  shown  in  Table  111. 

Also  [3]  shows  that  with  0 available  the  probability  distribution  of  0 
is  obtaiued  from 

PR(0<0a)  = 0 (2r)  -a  (7) 


2r 

2 

where  y is  3 chi-square  variable  with  2r  degrees  of  freedom. 


Large  Samples  (Pb) 

2 

The  x (r)  distribution  is  defined  as  the  distribution  of  the  sum  of  the 
squares  of  r independent  unit  normal  variables. 


2 

X 


(r' 


(8) 


The  distribution  is  different  for  each  value  of  r,  where  r represents  the 
number  of  degree^  of  freedom.  Reference  [A]  shows  that  from  the  Central 
Limit  Theorem,  \ (r)  is  asymptotically  normal  for  large  r.  Knowing  this  we 

can  obtain  an  approximation  to  the  point  P from 

X P (r)  - r = up,  (9) 

“727 

where 

Xp  (r)  ~ r + Up  r (10) 

Substituting  (10)  in  (7)  yields 

PR(0)  = 0 (r  + Up  77 r)  (11) 


2r 

Specified  F8.  Generally,  in  using  Bayesian  Methods,  the  user  specifies  a 
prior  probability  distribution  of  0.  This  may  be  determined  from  past 
results  for  similar  components  or  may  be  based  on  the  best  judgement  of 
the  user.  In  any  event,  values  of  the  probability  cf  0,  P(0)  is  specified 
as  input  data. 

Test  Data.  Six  classifications  are  used  to  denote  the  various  wavs 
in  which  the  results  of  the  test  are  obtained  as  shown  in  Table  2. 
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CURRENT  EXPERIMENTAL  DATA  (Table  II) 


The  first  form  occurs  when  the  hours  on  failed  and  non-failed  items  are 
known  along  with  total  test  time.  Here,  m units  of  the  item  are  tested 
and  from  these  x fail  at  known  test  times. 

The  second  form  occurs  when  failures  and  total  test  times  are  known.  Yet 
the  time  on  each  unit  is  not  known. 

Mission,  Flight  Safety,  Cost  and  Redundancies 

The  final  types  of  inputs  pertain  to  mission  success,  flight  safety, 
redundancies,  cost  and  mission  times.  Each  component  associated  with 
mission  success  and/or  flight  safety  must  be  identified.  Also,  when  it 
is  available,  the  cost  corresponding  to  the  components  are  given  as  input, 
and  those  components  with  redundancies  are  listed. 


OUTPUT  DATA 


Given  the  input  previously  discussed,  several  output  options  are 
available.  These  are: 

Component . 

The  output  for  each  component  can  be  obtained  as  related  to  MTBF, 
reliability  and  cost  estimates. 

System. 

This  will  furnish  MTBF,  reliability  and  cost  estimates  for  the  entire 
system. 

Mission  Success. 

The  components  related  to  mission  success  are  specified  as  a part  of 
the  input  data.  These  components  are  then  used  to  derive  MTBF,  reliability 
and  cost  estimates. 

Flight  Safety. 

Only  those  components  that  relate  to  flight  safety  are  used  for  the 
analysis  and  generate  the  same  output  as  mentioned  above. 

The  output  is  printed  out  first  for  Item  Analysis,  then  system,  Mission 
and  Safety.  Each  of  these  groups  give  the  MTBF  and  its  probability  for 
prior,  experimental  and  posterior  data.  The  reliability  is  also  calculated 
for  mission  times  of  one,  two  and  three  hours.  The  System,  Mission  and 
Safety  analysis  also  includes  a listing  of  the  items  probability  to  be  the 
first  to 
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TAB  l it  1 


Summary  of 

Prior  Data 

Prior  Data  types 

Dat  a 

PI 

No  Data 

None 

P2 

Beta 

°l,uo,gh 

PJ 

Fall uro  limit  without  replacement 

n.r.t  ,T 
r r 

PA 

Failure  limit  with  replacement 

« . r . t r 

P5 

Time  limit  without  replacement 

n.r.t  ,t 
° r 

P(> 

l.ai'ne  Samples 

n.t  ,a 

P7 

Specif  loti  t(  1st r Unit  Ion 

O.Pp  (0) 

PS 

Time  limit  with  replacement 

n.r.t 

o 

TABLE 

U 

Summary  of 

Teat  Data 

Teat  Data 

Dat  a 

T1 

No  Data 

None 

T2 

Failure  Limit  with  Replacement 

m , x , t 

X 

TJ 

x Failures  m time  (t^  + T ) 

X-VTN 

TA 

Failure  limit  without  replacement 

m,x,t  tT 

X X 

T5 

Time  limit  without  replacement 

m,X*Tx,to 

Tt> 

x Failures  In  time  T 

x.T 

2 AO 


Input  Data  (Teat.  Prior) 


Determination  of  T 


<Ti  • V 
«2  • V 

(Tj  . ) 

(t4  , P3) 

<T5  • P5> 

<T„  . ) 
< • V 


T is  defined  since  no  data  Is  available 

T - mtx  (test)  or  T ■ ntr  (prior) 

T - T + T (test) 
x n 

T « T + (m-x)t  (test)  or 
x x 

T “ + (n-r)tf  (prior) 

T - T + (m-x)t  (test)  or 
x o 

T “ T + (n-r)t  (prior) 
r o 

T given 

T « nt  (prior) 
o 
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BENEFITS  TO  HELICOPTER  USERS  WHICH  RESULT  FROM  REDUCTIONS 
OF  WEIGHT,  POWER  CONSUMPTION  AND  FAILURE  RATE 


DR.  GENE  R.  MARNER 

CHIEF,  AVIONICS  AND  WEAPONIZATION  DIVISION 
D&E  DIRECTORATE 

US  ARMY  AVIATION  RESEARCH  & DEVELOPMENT  COMMAND 
ST.  LOUIS,  MISSOURI 


INTRODUCTION 

Extensive  progress  in  electronic  technology  has  provided  the  avionics 
designer  with  a wide  range  of  choices.  Even  within  the  constraint  of 
achieving  desired  operational  functions,  choices  are  available  which  affect 
volume,  weight,  panel  space,  power  consumption,  failure  rate,  time  to  repair, 
cost  and  life  cycle  cost.  Of  course,  a number  of  factors  affect  these 
choices.  Human  factors  considerations  are  important  in  determining  panel 
space.  Current  technology  in  multiplexing,  computing,  integrating  and 
displaying  gives  some  freedom  from  mechanical  and  electronic  constraints 
on  instrument  panel  usage  and  permits  more  freedom  in  the  placement  of 
equipment.  Life  cycle  cost  analysis  of  the  entire  aircraft  may  establish 
some  failure  rate  goals  for  individual  subsystems,  although  some  arbitrary 
allocation  among  subsystems  is  usually  involved.  Sometimes  failure  rate 
and  replacement  time  goals  are  established  by  consideration  of  overall 
factors  such  as  schedule  reliability,  aircraft  availability  or  probabi- 
lity of  mission  success.  Again,  however,  practical  limitations  on  the 
effort  which  can  be  expended  in  system  analysis  may  result  in  some  more 
or  less  arbitrary  allocation  of  goals  among  the  various  subsystems.  Cer- 
tainly, consideration  of  the  life  cycle  cost  of  individual  equipment  has 
been  helpful  in  attaining  better  reliability  and  maintainability  in  trade- 
off with  initial  cost.  In  the  case  of  avionics,  however,  the  equipment 
life  cycle  cost  does  not  take  into  account  the  impact  of  failures  upon 
the  total  aircraft  operation. 

It  would  be  helpful  if  some  economic  measure  could  be  derived  which 
would  describe  the  benefit  to  the  total  aircraft  operation  which  results 
from  Improvement  in  subsystem  characteristics.  This  could  then  be  combined 
with  the  life  cy.' le  cost  of  the  individual  subsystem  in  order  to  make  value 
Judgments.  It  does  appear  possible  to  treat  the  weight,  power  consumption 
and  failure  rate  characteristics,  and  to  some  extent,  the  replacement  time, 
in  this  manner  by  considering  the  impact  upon  fleet  capacity. 

FLEET  CAPACITY 

In  military  appl icat ions , the  functional  capability  and  available 
capacity  of  the  fleet  are  the  attributes  which  lave  value  for  deterrent 
effect  or  fighting  capability.  Since  we  are  not  dealing  with  the  func- 


tional  characteristics  of  the  equipment,  the  available  capacity  of  the 
fleet  and  the  annual  cost  for  providing  this  capacity  and  using  it  in  the 
normal  activities  of  military  units  are  the  aspects  of  significance  to 
weight,  power  consumption  and  failure  rate.  The  mission-available  pay- 
load  of  each  aircraft  is  a suitable  measure  of  its  capacity  for  our  present 
purpose.  This  is  a limited  resource  which  is  costly  and  valuable.  We  al- 
ways need  more  than  we  can  provide.  In  the  short  term,  we  might  feel 
that  we  have  excess  payload  capacity  in  a particular  aircraft.  Even  in 
the  short  term,  however,  unused  payload  capacity  is  tradable  for  desirable 
characteristics  such  as  speed,  climb  rate,  service  ceiling,  maneuverability, 
hover  capability,  operating  range  or  longer  time  on  station.  In  the  long 
term,  unused  payload  capacity  can  permit  additional  equipment  which  can 
provide  new  functional  capability  for  the  aircraft.  In  view  of  changing 
threats  and  unmet  needs,  almost  all  aircraft  can  exploit  any  increase  in 
mission-available  payload  capacity  to  good  advantage. 

WEIGHT 


The  initial  value  of  one  pound  of  mission-available  payload  capacity 
would  be  the  aircraft  fly-away  value  divided  by  the  mission-available  pay- 
load.  Prior  to  fielding  an  aircraft,  extensive  engineering,  operational 
and  economic  studies  are  made  to  find  the  most  economical  means  to  achieve 
overall  goals.  These  are  subjected  to  Intense  review  within  the  military 
and  then  by  Congress.  Subsequent  retrofits  and  modifications  are  justified. 
The  current  fly-away  value  therefore  has  resulted  from  serious  and  respon- 
sible efforts  to  meet  the  needs  at  minimum  cost.  The  decision  to  Invest 
and  subsequent  economic  conditions  establish  a value  on  the  aircraft,  and 
consequently  the  value  per  pound  of  mission-available  payload. 

There  is  also  an  annual  cost  to  operate  and  maintain  the  aircraft 
which  results  in  an  annual  cost  benefit  if  the  mission-available  payload 
is  increased. 

In  view  of  the  foregoing  discussion,  we  can  see  that  the  Initial  value 
of  one  pound  of  weight  reduction  is 

v*  - Va/L,  (1) 

where  Vfl  is  the  aircraft  fly-away  value  and  L is  the  mission-available 
payload.  In  this  context  "mission-available"  payload  is  the  amount  of 
load  capacity  which  can  be  devoted  to  the  mission.  This  Includes  mission 
equipment  such  as  sensors,  armament  and  ammunition  as  well  as  cargo  and 
passenger  payload,  where  appropriate. 

The  annual  benefit  from  one  pound  of  weight  reduction  is 

wa  - C/L,  (2) 
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where  C Is  the  annual  operating  cost  of  the  aircraft.  Thus,  the  total 
benefit  from  weight  savings,  per  pound,  over  an  operating  life  of  N years 
is 

W - wt  + Nwfi  - (Va+NC)/L.  (3) 

POWER 

Reduction  of  power  consumption  is  also  beneficial  to  aircraft  opera- 
tion. The  electrical  power  system  of  the  aircraft  has  an  Initial  value 
which  is  in  part  attributable  to  the  needs  of  the  electronic  equipment . 

Further,  a portion  of  the  weight  of  the  aircraft  electrical  power  system 
can  be  treated  in  the  same  way  as  the  equipment  weight  was  treated  in  the 
previous  section.  It  is  recognized  that  a small  reduction  in  power  require- 
ment will  not  necessarily  result  in  the  selection  of  a lighter  or  cheaper 
aircraft  power  generation  system.  In  a retrofit  program  it  is  unlikely 
that  the  power  system  would  be  replaced.  However,  a reduction  in  the  power 
consumption  would  make  power  available  for  other  uses  and  it  is  equitable 
to  credit  a power  consumption  reduction  with  a proportionate  share  of  the 
power  system  cost  and  weight.  Accordingly,  the  initial  value  of  one  watt 
power  reduction  is  taken  to  be 

si  - (vP  + wiLP)/p - <vP  + vayL)/p»  (4) 

where  V , L and  P are  the  power  system  value,  weight  and  output  power 
respectively. 

There  is  an  annual  cost  associated  with  carrying  the  power  system 
weight  and  therefore  a benefit  can  be  assigned  if  the  power  requirement  is 
reduced.  The  annual  benefit  assignable  to  one  watt  power  reduction  is 

i 

8 a “ waVP  “ CLp/LP.  (5) 

The  total  benefit  from  a power  consumption  reduction  of  one  watt  is 
therefore 

S « s.  + Ns  - (V/P  + Va  L_/LP)  + NCL/LP.  (6) 

1 a P P P 

Again,  it  should  be  mentioned  that  these  assignments  of  value  associated 
with  power  reduction  do  not  imply  that  the  weight  or  cost  of  the  power 
system  can  be  reduced  in  a particular  type  aircraft.  They  are  methods 
of  assigning  value  to  the  power  source.  The  power  made  available  by 
reduction  may  be  used  to  fill  other  needs.  Over  a period  of  time  the 
application  of  this  methodology  as  an  aid  to  making  value  judgments  rela- 
tive to  a number  of  equipments  should  result  in  significant  power  savings 
which  would  permit  the  use  of  smaller  power  systems. 

The  additional  benefits  resulting  from  reduction  of  fuel  requirements 
are  small  compared  to  the  above  factors  and  can  be  Ignored. 
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These  benefits  from  weight  and  power  consumption  reduction  are 
Independent  of  the  type  of  system  involved.  They  are  therefore  applica- 
ble to  any  aircraft  subsystem. 

FAILURE  RATE 

The  treatment  of  the  benefit  from  improvement  in  the  failure  rate  is 
more  complicated  than  the  weight  and  power  cases.  It  involves  some  consid- 
eration of  the  function  which  the  equipment  performs,  the  missions  to  be 
expected  and  the  time  required  for  replacement  after  failure. 

There  are  several  consequences  from  an  apparent  equipment  failure.  If 
the  risk  of  continuing  the  flight  is  too  high  or  the  functional  capability 
of  performing  the  desired  mission  has  been  lost,  the  pilot  would  be  expected 
to  return  to  base  or  to  an  alternate  location.  If  the  circumstances  are 
different,  he  may  elect  to  continue  the  mission,  perhaps  accepting  some 
higher  risk  or  lower  mission  effectiveness,  and  perhaps  incurring  some 
additional  distance  flown  or  increased  communication  load  which  might  be 
Involved  in  work-around  procedures.  In  any  event,  there  will  be  some  air- 
craft down  time  to  fix  or  change  the  equipment. 

In  treating  the  effect  of  failures  we  must  recognize  that  operational 
costs  are  dependent  upon  apparent  failures  which  result  in  equipment  removals, 
so  we  shall  use  the  removal  rate  rather  than  the  failure  rate. 

The  ramp  check,  removal,  replacement  and  checkout  will  require  some 
down  time.  The  amount  of  time  depends  to  some  extent  upon  the  nature  of 
the  equipment  built-in  test  capability,  the  convenience  of  the  installa- 
tion, the  amount  of  manpower  devoted  to  the  aircraft  maintenance,  and  the 
availability  of  spares.  Under  prevailing  conditions  in  Army  operations 
this  down  time  is  probably  in  the  order  of  one  hour  for  typical  equipments, 
but  this  must  be  estimated  in  each  case.  There  is  obviously  some  interaction 
with  life  cycle  costs.  If  one  postulates  down  times  much  shorter  than  one 
hour,  one  must  assume  that  spares  are  stocked  in  many  locations  and  either 
in  substantial  quantities  or  with  streamlined  arrangements  for  repair. 

The  average  annual  number  of  equipment  removals  per  aircraft  is 

mr  = Fr,  (7) 

where  F is  the  aircraft  annual  flight  time  and  r is  the  mean  removal  rate. 

The  average  annual  down  time  per  aircraft  is 

Da  = dmr  = dFr,  (8) 

where  d is  the  down  time  per  removal.  This  down  time  reduces  the  fleet 
capacity.  The  initial  cost  associated  with  the  lost  capacity  is 

Ri  * DaVF  “ drVa*  <9> 
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In  some  instances,  it  might  be  appropriate  to  identify  a cost  per  hour 
of  down  time,  and  therefore  an  annual  cost  associated  with  the  down  tim,>. 
However,  in  this  case  all  operating  costs  have  been  allocated  to  the 
flight  time. 


If  symptoms  develop  in  flight  which  indicate  equipment  failure  and 
the  mission  is  aborted  without  accomplishing  its  goals,  the  flight  time 
involved  represents  a capacity  loss  as  well  as  an  operating  cost.  Since 
circumstances  vary  widely,  it  is  difficult  to  assign  a precise  value  to 
these  quantities.  As  an  aid  to  this  judgment,  a model  will  be  developed 
which  will  express  the  useless  flight  time  as  a function  of  parameters 
which  are  of  operational  significance. 


The  probability  that  there  will  be  a failure  indication  prior  to 
time  t after  takeoff  is 


P(t) 


X 


re_rt'  dt 


1 -e-rt  = rt 


(10) 


Let  the  average  mission  duration  be  T.  Assume  that  if  a failure  should 
occur  prior  to  a time  kT  the  mission  would  be  aborted  whereas  if  it 
occurred  after  the  time  kT  it  would  be  continued.  By  equation  (10),  the 
probability  that  a failure  will  occur  prior  to  time  kT  and  therefore 
cause  the  flight  to  be  aborted  is  rkT.  The  number  of  aborted  missions 
per  year,  N , would  therefore  be  the  number  of  missions  flown  per  year 
(annual  flight  time  per  aircraft/T)  times  this  probability  for  aborting: 

Na  - (F/T)  (kTr)  = Fkr.  (11) 

In  those  missions  which  do  abort,  the  average  time  from  takeoff  to 
failure  indication  is 


rk  t 

» (er^t  -l-rkt)/r(e  -1).  (12) 

For  small  rkt  this  reduces  to 


t * kT/2.  (13) 

Thus,  for  those  cases  in  which  a failure  indication  occurs  prior  to  the 
time  kT  and  the  flight  is  aborted  without  accomplishing  its  mission,  the 
average  duration  of  the  flight  up  to  the  time  of  aborting  is  kT/2.  Assum- 
ing an  equal  time  is  spent  in  returning  to  base  or  to  an  alternate  location, 
the  total  annual  useless  flight  time  per  aircraft  is 

Tu  * 2 Nflt  = F k2rT.  (14) 
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This  useless  flight  Lime  reduces  the  capacity  of  each  aircraft, 
resulting  in  an  initial  cost  for  capacity  replacement  of 


ui  - Tu  Va/F  - k2rTVa.  (15) 

The  corresponding  annual  operating  cost  incurred  by  the  useless 
flight  is 

ufi  * Tu  (C/F)  - k2rCT.  (16) 

Over  the  aircraft  life  of  N years,  therefore,  the  cost  of  the 
useless  flight  time  would  be 

U - ut  + Nua  * k2Tr(Va  + NC) , (17) 

and  the  combined  benefit  from  a unit  improvement  in  removal  rate,  consider- 
ing down  time  and  useless  flight  time,  would  be 

R = (d  + k2T)  Va  + Nk2TC.  (18) 

The  current  trend  in  specifying  equipment  failure  rates  is  to  define 
them  under  fairly  severe  conditions  of  vibration,  temperature  and  rate 
of  change  of  temperature  in  laboratory  tests.  In  many  instances,  where 
care  is  taken  in  selecting  the  location  for  Installation,  actual  true 
field  failure  rates  are  lower  than  the  specified  failure  rate.  On  the 
other  hand,  field  removal  rates  are  significantly  higher  than  the  true 
failure  rate.  (Harner,  1969)  These  two  effects  tend  to  cancel,  so  that 
the  specification  value  of  the  failure  rate  is  often  a good  approximation 
of  the  removal  rate. 

In  the  application  of  equation  (18)  one  estimates,  for  each  type  of 
mission  anticipated,  the  duration,  T,  the  turn-back  ratio,  k,  and  the  down 
time,  d,  expected  under  the  circumstances,  and  then  forms  the  weighted 
average  of  the  benefits  according  to  the  distribution  of  time  expected  to 
be  spent  in  each  type  of  mission. 

Mote  that  the  down  time  per  removal  multiplied  by  the  fly-away  value 
of  the  aircraft  is  the  most  important  term  in  the  benefit  from  removal 
rate  improvement  in  typical  helicopters  because  the  mission  duration  is  in 
the  order  of  one  hour  and  k is  typically  less  than  0.5. 

Ve  should  note  again  that  the  benefit  from  reliability  improvement 
given  by  equation  (18)  does  not  take  into  account  extra  risks  and  costs 
associated  with  completing  missions  after  equipment  failure.  These  appear 
to  be  quite  sensitive  to  the  type  equipment  and  mission  as  well  as  the 
operating  doctrine.  In  some  cases,  these  factors  could  contribute  signi- 
ficantly. 
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NUMERICAL  ESTIMATES  FOR  HELICOPTERS 


The  above  analysis  was  applied  Co  a projected  fleet  composed  of  the 
three  CH-47  models,  the  AH-1S,  the  UTTAS,  and  the  AAH.  The  current  value 
of  the  CH-47's  was  assumed  and  only  10  years  of  useful  life,  since  the 
modernization  program  had  not  been  approved.  Lifetimes  of  15  years  for 
the  AH-1S  and  AAH,  and  18  years  for  the  UTTAS  were  used.  The  Training 
and  Doctrine  Command  supplied  typical  mission  projections  and  the  AVSCOM 
Maintenance  Directorate  as  well  as  the  aircraft  Project  Offices  provided 
historical  data  and  aircraft  life  cycle  cost  models.  As  a result  of  this 
cooperation,  it  was  possible  to  conduct  a reasonably  complete  numerical 
evaluation.  We  found,  for  this  composite  fleet,  that  the  benefit,  per 
aircraft,  over  the  life  of  the  aircraft,  would  be  $3000  for  a weight  re- 
duction of  one  pound  and  $70  for  a power  consumption  reduction  of  one 
watt.  Assuming  a down  time  of  one  hour  per  removal,  and  a turn-back  point 
of  40Z  of  the  mission,  there  was  a benefit  of  $2300  for  the  reduction  of 
removal  rate  by  one  per  one  thousand  hours  of  operation. 

If  one  prefers  to  combine  these  benefits  with  the  Initial  cost  of 
new  equipment  rather  than  with  the  life  cycle  cost,  present  value  com- 
putations can  be  used  on  the  annual  costs,  thus  referring  them  back  to 
the  initial  time.  Assuming  an  interest  credit  of  SZ  per  year,  then  one 
pound  weight  reduction  would  compare  with  the  Initial  cost  at  the  rate 
of  $1800,  one  watt  would  be  worth  $41  and  a removal  rate  reduction  of 
one  per  one  thousand  hours  would  be  worth  $2000. 

I realize,  of  course,  that  these  benefits  are  not  the  type  that  can 
be  used  to  reduce  any  existing  budgets.  However,  they  do  speak  to  the 
establishment  of  value  judgments  which  conserve  our  resources  and  obtain 
maximum  capability  from  future  Investments.  If  these  factors  are  applied 
to  the  Improvements  which  are  typically  available  by  applying  a new  genera- 
tion of  electronics  technology,  it  will  be  seen  that  significant  benefits 
are  derived.  Both  AVSCOM  and  EC0M  are  beginning  to  consider  these  factors 
as  a guide  to  value  judgments. 
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ABSTRACT : The  simulation  of  aircraft  reliability,  availability,  and 
maintainability  is  an  extremely  complex  task  which  deals  with  details  of 
rircraft  missions,  scheduling,  maintenance,  supply,  performance, 
manpower,  etc.  Implementation  of  such  kind  of  simulation  often  requires 
complex  models  with  laborious  input  preparation  and  tedious  output 
digestion. 

From  the  top-level  decision  makers'  point  of  view,  it  is  often  helpful 
to  gain  an  insight  into  the  overall  trend  of  significant  interactions 
between  an  aircraft's  reliability,  availability,  and  maintainability 
characteristics  so  as  to  formulate  overall  policy  guidelines  in 
anticipation  of  future  behavior.  The  objective  of  this  paper  is  to 
present  an  interactive  algorithm  which  will  facilitate  a sensitivity 
analysis  and  impact  study  on  such  interactions.  Computer  graphic 
capability  can  be  built  into  the  program  for  instantaneous  display  of 
interactions . 

The  algorithm  is  based  on  the  stochastic  modeling  concepts  of  population 
dynamics,  fertility,  mortality,  and  techniques  of  population  projection. 
The  mission-cycle  of  an  aircraft  is  divided  into  three  overall  mission 
specific  stages:  (1)  maintenance,  (2)  ready  pool,  and  (3)  combat  mission. 
With  the  inclusion  of  the  average  daily  utilization,  call  rate,  grounding 
failures,  scheduled  maintenance,  etc.,  this  algorithm  computes  an  overall 
guideline  for  a maintenance  policy,  aircraft  replacement  scheduling, 
readiness  improvement,  and  evaluation  or  risk  factors  associated  with 
failure  to  meet  various  levels  of  future  operational  goals.  This 
algorithm  is  flexible  enough  to  be  adapted  to  other  mobile  systems. 


250 


AN  INTERACTIVE  STOCHASTIC  ALGORITHM  FOR  A RELIABILITY, 
AVAILABILITY  AND  MAINTAINABILITY  (RAM)  POLICY  GUIDELINE 
OF  AN  AIR  MOBILE  COMBAT  SYSTEM 


By 

Dr.  Harold  Y.  H.  Law  and  Mr.  Timothy  Evans 
US  Army  Research  and  Technology  Laboratories  (AVRADCOM) 


Introduction 


The  simulation  of  aircraft  reliability,  availability,  and  maintain- 
ability (RAM)  is  an  extremely  complex  task  which  deals  with  details  of 
aircraft  missions,  scheduling,  maintenance,  supply,  performance,  manpower, 
etc.  Implementation  of  such  a simulation  often  requires  complex  models 
with  laborious  input  preparation  and  tedious  output  digestion. 

From  the  top-level  decision  makers'  point  of  view,  it  is  often  help- 
ful to  gain  an  insight  into  the  overall  trend  of  significant  interactions 
between  an  aircraft's  reliability,  availability,  and  maintainability 
characteristics  so  as  to  formulate  overall  policy  guidelines  in  anticipa- 
tion of  future  behavior.  The  objective  of  this  paper  is  to  present  an 
interactive  algorithm  which  will  facilitate  analysis  and  study  of  such 
interactions.  Computer  graphic  capability  can  be  built  into  the  program 
for  instantaneous  display  of  interactions. 

The  algorithm  presented  here  is  based  on  the  mathematical  concepts  of 
Markov,  state,  and  renewal  processes.  In  particular,  the  examples  pre- 
sented are  based  on  Markov  chain  processes.  Although  the  examples  given 
are  models  of  aircraft  fleet  operations,  the  algorithm  is  flexible  enough 
to  be  adapted  to  other  operating  systems. 

Analytical  Model  Description 

The  first  thing  to  be  considered  when  modeling  a stochastic  process 
is  whether  the  process  is  dependent  or  independent.  A dependent  process 
is  one  in  which  the  future  value  of  the  process  depends  at  least  in  part 
on  the  past  or  present  value.  An  independent  process  is  one  in  which  the 
future  value  of  the  process  is  independent  of  the  past  or  present.  An 
example  of  an  independent  process  is  a coin  toss  where  the  value  (heads  or 
tails)  of  the  next  toss  of  the  coin  does  not  depend  on  whether  the  present 
value  is  heads  or  tails  (if  the  coin  toss  process  is  truly  random) . Obvi- 
ously, the  future  state  of  a fleet  of  aircraft  is  not  independent  of  the 
present  state. 


251 


When  considering  a fleet  of  aircraft  (or  other  operating  equipment), 
we  cannot  say  that  the  present  condition  of  the  fleet  is  independent  of 
the  past,  we  can  say,  however,  that  the  future  condition  of  the  fleet 
is  dependent  only  on  the  present;  i.e.,  it  does  not  matter  how  the  fleet 
arrives  at  its  present  condition.  Given  the  present  condition,  the  only 
thing  that  now  matters  is  what  decisions  are  made  affecting  that  condition. 
This  idea  can  be  expressed  mathematically  through  the  concept  of  a Markov 
process.  A model  based  on  this  idea  was  suggested  by  Law  (Reference  1). 
in  this  paper,  the  application  of  such  a model  is  considered. 

The  value  or  condition  of  a system  can  be  expressed  as  a s*-ate 
vector  containing  n states: 


(1)  condition  of  system  = S (s^  s2 , S;J,  ...,  s ) 


If  the  system  is  in  state  si  , the  probability  that  it  will  be 
m the  future  is  pjj  ; that  is. 


in  state  s j 


U)  sj  = Pijsj 


This  probability  is  usually  called  a "transition"  probability  because  it 
describes  how  the  system  gets  to  state  Sj  from  state  si  . It  can  also 
be  considered  as  a description  of  the  decision  that  takes  the  system  from 
state  si  to  state  ss  . 


Now  if  we  consider  the  condition  of  the  system  to  be  described  by  the 
state  vector  (1)  above  containing  n states,  we  see  that  it  takes  n2  transi- 
tion probabilities  to  describe  the  transition  from  the  n current  states  to 
the  n states  that  describe  some  future  condition  of  the  system.  This  can 
be  expressed  in  matrix  form  as: 


P 1 1 P12  • • • Pin 

S1 

P21  P22 

s2 

Pnl  Pnn 

sn 

- _ 

(4)  Sm  = PSk 

If  the  next  value  of  the  system  depends  only  on  the  present  value,  that  is, 
if  m k + 1,  then  (3)  describes  a Markov  process.  The  n x n matrix  con- 
taining the  transition  probabilities  is  called  the  transition  matrix. 

When  the  value  of  the  system  changes  in  a series  of  discrete  trials,  the 
process  is  called  a Markov  chain  process. 
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It  can  now  be  seen  that  if  the  condition  of  a system  can  be  described 
in  terms  of  a finite  number  of  states  and  if  the  stipulation  that  the 
future  depends  only  on  the  present  is  acceptable,  then  the  condition  of 
the  system  can  be  modeled  using  a Markov  process.  However,  it  is  not 
always  appropriate  to  say  that  the  future  depends  only  on  the  present,  but 
is  also  dependent  on  some  past  decision  or  action.  There  are  a number  of 
ways  to  handle  this  type  of  situation  using  the  general  form  (3)  above 
(see  Reference  1,  for  example) , but  we  will  not  discuss  them  here. 

It  is  appropriate  at  this  point  to  mention  some  properties  of  Markov 
processes  that  are  useful  in  model  building.  We  have  stated  that  (3) 
represents  a Markov  process.  We  require  then  that  the  matrix  P be  a 
regular  stochastic  matrix;  that  is,  the  sum  of  the  elements  in  each  column 
of  the  matrix  must  equal  1 and  P,  or  some  power  of  P,  must  contain  only 
positive  elements.  Then  the  following  theorems  are  true  (cf.  Reference  2): 

(a)  P has  a unique  fixed  probability  vector  v with  positive  components. 

(b)  The  sequence  P,  , p3,...,  approaches  the  matrix  T whose  rows  are 
each  the  fixed  point  v. 

(c)  If  p is  a probability  vector,  then  the  sequence  of  vector  pP, 
pP^ , pp^. . . , approaches  the  fixed  point  v. 

(d)  If  p = £ Pi J is  the  probability  distribution  of  the  system  at 

some  arbitrary  time,  then  pp  is  the  probability  distribution  of  the  system 
one  step  later  and  pPn  is  the  probability  distribution  of  the  system  n steps 
later. 

(e)  In  the  long  run,  the  probability  that  state  sin  occurs  is  approxi- 
mately equal  to  the  component  v(j)  of  the  unique  fixed  probability  vector  v 
of  P. 

Model  Development 

Historical  data  for  an  operating  system  is  usually  recorded  in  terms 
of  the  amount  of  time  that  the  system  is  in  various  states  of  readiness  or 
operability.  Consider,  for  example,  a black  box  with  one  input  and  one 
output.  At  various  times  something  is  input  to  the  black  box.  Whether  or 
not  a corresponding  output  occurs  depends  on  the  condition  of  the  black 
box.  Now  assume  that  the  information  recorded  for  this  black  box  indicates 
only  times  that  the  system  was  fixed  or  broken.  The  state  vector  for  the 
black  box  then  is 

(5)  condition  of  black  box  = S (fixed,  broken) 


The  transition  matrix,  where  Pr  indicates  probability,  is 


<b) 


Pr  (remaining  fixed) 

1 - Pr  (remaining  fixed) 


1 - Pr  (remaining  broken) 
Pr  (remaining  broken) 


This  model  gives  the  probabilities  that  the  next  time  an  input  is 
applied  an  output  will  be  received,  given  the  current  condition  of  the 
ilack  box.  This  implies  that  wo  will  continue  to  operate  the  black  box 
in  the  way  in  which  it  was  operated  in  the  past.  However,  if  the  black 
box  will  behave  differently  if  operated  differently,  then  the  model 
is  not  adequate. 


Now  consider  the  black  box  to  be  a fleet  of  aircraft.  Since  the 
condition  of  the  fleet  depends  on  the  utilization  rate  of  the  aircraft, 
the  model  must  allow  for  a variable  utilization  rate.  To  do  this,  the 
state  "fixed"  can  be  divided  into  two  states:  "fixed  but  not  flying" 
and  "fixed  but  flying."  To  use  more  appropriate  terminology,  let  us 
call  these  states  "ready  pool"  and  "mission."  The  "broken"  state  we 
will  call  "maintenance."  The  values  of  these  states  at  any  given  time 
will  then  indicate  the  percentage  of  the  fleet  expected  to  be  in  each 
state  at  that  time.  The  transition  matrix  for  this  model  is: 

Pr  (stay  in  ready  pool)  Pr  (mission  to  Pr  (maintenance  to 

ready  pool)  ready  pool) 


(7) 


Pr  (ready  pool  to 
mission) 


Pr  (continue 
flying) 


Pr  (maintenance  to 
mission) 


Pr  (ready  pool  to 
maintenance) 


Pr  (mission  to 
maintenance) 


Pr  (stay  in  mainte- 
nance ) 


The  next  step  in  building  the  model  is  to  determine  what  the  transi- 
tion probabilities  are.  The  best  way  to  start  is  to  decide  which  of  the 
probabilities  are  not  needed.  In  building  this  model,  let  us  decide  not 
to  allow  an  aircraft  to  fly  immediately  after  leaving  maintenance;  that  is, 


Pr  (maintenance  to  mission)  = 0 


Let  us  also  decide  not  to  allow  an  aircraft  to  go  to  maintenance  directly 
from  the  ready  pool;  that  is, 

Pr  (ready  pool  to  maintenance)  = 0 

Now  if  we  further  decide  to  examine  t lie  process  in  fixed  t ime  steps  equal 
to  the  average  length  of  the  mission  and  we  choose  the  length  of  all  missio 
to  be  equal  to  the  average  mission  length,  then 

Pr  (continue  flying)  = 0 
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We  can  use  an  exponential  distribution  to  represent  the  probability 
that  an  aircraft  will  enter  maintenance: 

Pr  (mission  to  maintenance)  = 1 - exp  (~^tc) 
where  is  the  rate  at  which  aircraft  enter  maintenance  and  tc  is  the 

length  of  the  cycle.  Since  (7)  is  a regular  stochastic  matrix,  it 
follows  that 

Pr  (mission  to  ready  pool)  = 1 - P"  (mission  to  maintenance) 


Similarly,  we  can  use  the  exponential  distribution  to  represent  the 
probability  that  an  aircraft  will  be  called  to  fly  a mission,  and  the 
probability  that  an  aircraft  will  leave  maintenance.  This  gives: 


Pr  (stay  in  ready  pool)  = exp  (~^tc) 

Pr  (ready  pool  to  mission)  = 1 - exp  fate) 
Pr  (stay  in  maintenance)  = exp  (~h,tc) 


Pr  (maintenance  to  ready  pool)  = 1 - exp  (-1  tc) 


Where  fa  is  the  rate  at  which  aircraft  are  called  to  fly  and 
is  the  rate  at  which  aircraft  leave  maintenance. 

The  transition  matrix  for  this  model  now  becomes:  , 


(8) 


exp  (-  j 


exp 


tc) 


exp  (-  Jfy  tc 


) 


1 - exp  (- 


tc) 


fcc> 


0 1 - exp  (-  fa  tc)  exp  (-  4,tc) 

Now  that  we  have  defined  the  transition  matrix,  we  can  take  advantage 
of  the  properties  of  the  Markov  process  to  determine  the  condition  of  the 
fleet.  The  properties  given  above  imply  that  if  we  start  from  any  arbi- 
trary condition  and  examine  n time  steps  of  the  model,  then  as  n approaches 
infinity,  the  model  will  converge  to  an  equilibrium  condition.  This 
equilibrium  condition  is  defined  by  the  unique  fixed  probability  vector  v 
of  the  transition  matrix  P.  We  wish  to  find  the  current  condition  of  the 
fleet  based  on  the  transition  matrix  P given  in  (8)  which  was  defined  from 
our  knowledge  of  the  characteristics  of  fleet  operation.  The  current 
condition  of  the  fleet  is  defined  by  the  state  vector  S which  wo  know  from 
property  (e)  above  is  equal  to  the  fixed  probability  vector  v of  our 
transition  matrix.  Since  we  know  that  we  can  find  S eventually  by  starting 
with  any  arbitrary  vector  S',  we  can  take  a shortcut  by  starting  from  S'  = 
S.  This  gives 


(9)  S = PS 
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or  expressing  ( 9 ) in  matrix  form  and  performing  the  required  multipli- 
cation, we  obtain  the  set  of  simultaneous  equations 

S1  = S1  ’ exp(-/Jftc)  + S2  • exp(-idtc)  + 
s3  • (l-exp(-^tc)) 

(10)  s2  = . (l-eXp(-^ftc) 

S3  = s2  • (l-exp(-^dtc))  + S3  • exp(-^mtc) 


In  addition,  from  the  definition  of  the  Markov  process,  we  have 

(11)  S1  + s2  + s3  = 

Now  we  can  find  the  individual  states  s1#  s2  and  s3  that  define  the 
current  condition  of  the  fleet  S by  solving  equations  (10)  and  (11). 
This  gives: 


S1  = (l-exp(-41tc))/D 

(12)  s 2 = (i-exp(-^mtc))(l-exp(-^ftc))/D 
s3  = (l-exp(4ftc))(l-exp(-idtc))/D 

where 

(13)  D =■  (l-exp(-^mtc))  + (l-exp(-41tc))(l-exp(-/fftc)  + 

(1-exp (-^f tc ) ) (1-exp (-^d  tc ) ) 


Of  course  it  is  quite  possible  to  build  models  containing  more  than 
3 stages.  It  may  be  desirable,  for  example,  to  divide  the  maintenance 
stage  into  two  stages:  scheduled  and  unscheduled  maintenance.  It  may  be 
desirable  to  separate  NORS  (Not  Operationally  Ready  Supply)  from  mainte- 
nance. It  may  even  be  desirable  to  include  scheduled  and  unscheduled 
maintenance  and  NORS  in  a five  stage  model.  In  fact,  the  number  of  stages 
is  limited  only  by  one’s  imagination  and  ability  to  define  the  transition 
probabilities. 


Programming  the  Model 


It  should  be  apparent  from  the  analytical  description  of  the  Markov 
process  above  that  a general  model  accommodating  any  specified  number  of 
stages  can  easily  be  programmed.  A flow  chart  of  such  a model  is  given 
as  Figure  1.  This  program  is  built  around  two  subroutines,  TRANS  and 
CYCLE.  Subroutine  TRANS  defines  the  elements  of  the  transition  matrix 
while  subroutine  CYCLE  determines  the  next  state  vector  from  the  current 
one.  A FORTRAN  listing  of  CYCLE  is  given  in  Figure  2 and  a listing  of 
TRANS  for  the  3 stage  model  above  is  given  in  Figure  3.  The  flow  chart 
in  Figure  1 allows  for  modeling  both  stationary  and  nonstationary 
processes.  A stationary  process  is  one  in  which  the  transition  matrix 
remains  constant  while  a nonstationary  process  is  one  in  which  the 
transition  probabilities  are  functions  of  time. 

Model  Application 

Now  let  us  apply  the  model  to  a real  system.  The  data  in  Table  I 
gives  the  average  condition  of  a helicopter  fleet  in  1971.  A 3 stage 
model  can  be  built  from  this  data  using  the  transition  matrix  given  above 
as  (8).  The  required  parameters  are  computed  as  follows: 

i.  rate  at  which  aircraft  enter  maintenance , 

^ d = 1.0  / (mean  time  between  maintenance) 

= 1.0  / 1.35 
= 0.74074074 

ii.  rate  at  which  aircraft  are  called  to  fly,  \f: 

\ f = (no.  flights)  / (no.  aircraft  x available  flying  hours) 

= 2,917,955  / (2526  x 3650) 

= 0.31648445 

iii.  rate  at  which  aircraft  leave  maintenance,  Jlm : 

/(  m = 1.0  / (mean  elapsed  maintenance  time) 

= 1.0  / 5.3 
= 0.18867925 

iv.  average  flight  length,  tc : 

tc  = (no.  flight  hours)  / (no.  flights) 

= 1,096,510  / 2, 917,955 
= 0.3757803 
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If  we  define  availability  in  this  model  as  being  the  probability 
that  an  aircraft  is  either  in  the  ready  pool  stage  or  in  the  mission 
stage , then 

(14)  availability  = + s2 

Substituting  the  values  computed  above  into  (12)  and  (13)  gives  a value 
for  availability  of  73.634%.  Figure  4 shows  graphic  output  from  the 
computer  program  for  the  3 stage  model.  The  program  started  with  an 
arbitrary  state  vector,  and  after  100  cycles  had  converged  to  the  state 
vector  s^  = 0.6622,  S2  = 0.07425,  S3  = 0.26355  giving  an  availability  of 
73.645%. 


We  can  go  one  step  further  and  build  a model  with  4 stages  by 
splitting  the  maintenance  stage  to  give  a scheduled  maintenance  stage 
and  an  unscheduled  maintenance  stage.  The  transition  matrix  for  this 
model  is  shown  in  Figure  5.  Definition  of  the  probabilities  is  given 
in  Table  II.  The  parameters  required  for  this  model  are  computed  as 
follows : 

i.  rate  at  which  aircraft  are  called  to  fly,  /) 3 : 

h 1 = (no.  flights)  / (no.  aircraft  x available  hours) 

= 0.31648445 

ii.  rate  at  which  aircraft  enter  scheduled  maintenance,/^! 

})  2 = 1-0  / (mean  time  between  scheduled  maintenance) 

= 1.0  / 2.749 


= 0.36376864 

iii.  rate  at  which  aircraft  enter  unscheduled  maintenance,^: 
^3  = 1.0  / (mean  time  between  unscheduled  maintenance) 

= 1.0  / 2.652 


= 0.37707391 

iv.  rate  at  which  aircraft  leave  scheduled  maintenance,/^: 
^4  = 1.0  / (mean  elapsed  scheduled  maintenance  time) 
= 1.0  / 5.40 


0.18518519 


v.  rate  at  which  aircraft  leave  unscheduled  maintenance , ^ 5 : 
i 5 = 1.0  / (mean  time  between  unscheduled  maintenance) 

= 1.0  / 5.195 
= 0.19249278 

vi . average  length  of  mission,  tc: 

tc  = (no.  flight  hours)  / (no.  flights) 

= 0.3757803 

Graphic  output  from  the  program  for  this  model  is  shown  in  Figure  6. 

The  availability  computed  by  the  program  for  this  model  is  72.335%. 

In  similar  fashion,  models  containing  any  desired  number  of  stages 
can  be  built.  Figure  7 shows  graphic  output  for  a 5 stage  model  where 
the  unscheduled  maintenance  stage  has  been  split  into  a NORM  (Not  Opera- 
tionally Ready  Maintenance)  and  a NORS  (Not  Operationally  Ready  Supply) 
stage.  The  availability  computed  by  the  program  for  this  model  is 
70.265%.  Figure  8 shows  the  5 stage  model  used  to  investigate  the 
effect  of  a change  in  scheduled  maintenance  rate  on  availability  of  the 
fleet.  The  rate  at  which  aircraft  enter  scheduled  maintenance  was  changed 
to  0.18188432  (from  0.36376864  used  above)  resulting  in  an  availability  of 
76.185%. 

Conclusions 


In  this  paper  we  have  demonstrated  the  application  of  Markov  chain 
processes  to  analysis  of  reliability , availability  and  maintainability 
policies.  A computational  algorithm  was  presented  and  applied  to  a real 
world  situation.  The  algorithm  is  flexible,  easily  programmed,  and  can 
be  made  interactive.  The  model  presented  here  is  not  intended  to  replace 
simulation  models,  but  can  be  used  to  gain  insight  into  trends  which 
would  result  from  overall  policy  changes. 
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Table  X.  Condition  of  a Helicopter  Fleet  (Averaged  Over  a One  Year  Period) 


Fleet  availability  - 74.0% 
Fleet  NORM  - 16% 

Fleet  NORS  - 107„ 


Average  inventory  - 2526  aircraft 
Total  flight  hours  - 1,096,510 
Total  flights  - 2,917,955 


Mean  time  between  scheduled  maintenance  - 2.749  hours 
Mean  time  between  unscheduled  maintenance  - 2.652  hours 
Mean  time  between  all  maintenance  - 1.35  hours 


Mean  elapsed  scheduled  maintenance  time  - 5.40  hours 
Mean  elapsed  unscheduled  maintenance  time  - 5.195  hours 
Mean  elapsed  maintenance  time  (all  maintenance)  - 5.30  hours 
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Table  II.  Definition  of  Transition  Probabilities  for  Four  Stage  Model 


1.  Pn  = exp  (~A  ±tc)  Pr 

2.  p21  = 1 - pn  Pr 

3.  p31  = 0.0  Pr 

4.  p41  = 0.0  Pr 

5.  p12  = exp  (~^2tc  ~^3tc^  Pr 

“ p32p42 

6.  p22  = 0.0  Pr 

7.  P32  = 1 - exp  (-42tc)  Pr 

S.  P42  = 1 ~ exp  (~/l3tc)  Pr 

9‘  P13  = 1 " exp  ("^4tc)  Pr 

10.  p^^  = 0.0  Pr 

11.  p33  = exp  (-/|4tc)  Pr 

12.  p43  = 0.0  Pr 

13.  p14  = 1 - exp  (-^5tc)  Pr 

14.  p24  = 0.0  Pr 

15.  p34  = 0.0  Pr 

1€>-  P44  = exP  1-^5^  Pr 


(stay  in  ready  pool) 

(ready  pool  to  mission) 

(ready  pool  to  scheduled  maintenance) 
(ready  pool  to  unscheduled  maintenance) 
(mission  to  ready  pool) 

(continue  flving) 

(mission  to  scheduled  maintenance) 

(mission  to  unscheduled  maintenance) 

(scheduled  maintenance  to  ready  pool) 

(scheduled  maintenance  to  mission) 

(stay  in  scheduled  maintenance) 

(scheduled  maintenance  to  unscheduled 
maintenance) 

(unscheduled  maintenance  to  ready  pool) 

(unscheduled  maintenance  to  mission) 

(unscheduled  maintenance  to  scheduled 
maintenance) 

(stay  in  unscheduled  maintenance) 


SUBROUTINE  CYCLE<S,T.V.N,N$3 .St , IERR > 

DIMENSION  S(N).T<NSO>.V<N>.rKN> 

Ctttt  DEFINITIONS! 

Ctttt 

Ctttt  S - STATE  VECTOR  (LAST  CYCLE  > 

CKO  SI  - STATE  VECTOR  (PRESENT  CYCLE) 

Ctttt  T - TRANSITION  NATRIX 

Ctttt  V - TRANSIENT  COMPONENT  NATRIX 

Ctttt 

Ctttt  CHECK  TRANSITION  NATRIX 
Ctttt 

Ctttt  ON  RETURN! 

Ctttt  IERR  • 0 MEANS  NO  ERRORS 

Ctttt  IERR  • 1 MEANS  ONE  OR  MORE  ELEMENTS  OF  TRANSITION  MATRIX 
Ctttt  ARE  EITHER  >1.0  OR  (0.0 

Ctttt  IERR  • 2 MEANS  ONE  OR  MORE  COLUMNS  OF  TRANSITION  MATRIX 

Ctttt  ARE  >1.B 

Ctttt 

IERR«0 

DO  10500  J-l.N 
TT  *0 . • 

JMl«( J-l >tN 
DO  10206  1*1, N 
K»I*JM1 
TT.TT«T(K  ) 

IF  ( T(K  )-l .0  ) 10100.10200.10400 
10100  IF  (T(K  ) ) 10400.10200.10200 
16200  CONTINUE 

IF  (TT-1.0)  10300.10600.10300 
10300  IERR-1 
10400  IERR* IERR> 1 
CO  TO  10600 
10S00  CONTINUE 
Ctttt  END  ERROR  CHECK 
Ctttt 

Ctttt  BEGIN  COMPUTATION  OF  STATE  VECTOR  FOR  CURRENT  CYCLE 

Ctttt 

10600  CONTINUE 

DO  20100  1*1. N 
SKI  )«V(  I ) 

DO  20100  JM.N 
K-IMJ-1  ) tN 

20100  Sl<  I )«S1(I  >*S(J)tT(K> 

RETURN 

END 


Figure  2.  Listing  of  subroutine  CYCLE 


SUBROUTINE  TRANS 

COMMON  SI  <5  ),S2(S),P(2S),V(S),RATE(  10J.ADU, 
tl Y, I AL.NCY.NS.TIME, S( 100,6  l.SHAX.FD.TTIHE, 
tS0( 5 ) , TAV 

P(2>*1 . 0-EXP ( -RATE ( 2 )*T1ME) 

P(  1 ) *1 . 0-P ( 2 ) 

P(6  )*1 . 0-EXP ( -RATE(6 ItTIME  > 

P(4)-1.0-P<6> 

P( 7 )• 1 . 0-EXP( -RATE(7  ItTIME  ) 

P( 9 >• 1 . 0-P( 7 ) 

RETURN 

END 


Figure  3.  Listing  of  subroutine  TRANS  for  three  stage  model 
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AVAILABILITY  MODEL 


Figure  4.  Program  output  for  three  stage  model 


AVAILABILITY  MODEL 


Figure  7.  Program  output  from  five  stage  model 
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AVAILABILITY  MODEL 


Figure  8.  Program  output  from  five  stage  model  with  modified  rate  of 
entry  into  scheduled  iiaintenance 
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CONTRACTING  COR  RELIABILITY  GROWTH 


Mr.  James  R.  Kniss 

US  Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground,  MD  21005 


1.  Growth  procedures  find  concepts  must  be  clearly  and  effectively 
translated  to  any  contract  for  developing  a system.  This  paper  will 
discuss  how  this  should  be  done. 

Because  contracts  find  contracting  procedures  vary  greatly  both  within 
and  fimong  the  services,  it  will  be  necessary  to  reduce  these  procedures 
to  the  basic  structure  which  finy  contracting  procedure  must  follow. 

First  prospective  contractors  must  be  soliticited,  and  a detailed 
accounting  of  what  is  needed  must  be  given  to  each.  For  most  military 
contracts  this  is  called  the  Request  for  Proposal  (RFP). 

Second,  each  contractor  must  respond  to  the  RFP  with  a statement 
as  to  what  each  believes  he  c.an  deliver. 

Third,  after  some  possible  negotiations,  .a  contractor  is  selected 
and  a contract  is  signed. 

This  paper  will  discuss  primarily  the  Request  for  Proposal  (RFP). 

The  subsequent  evaluation  of  the  proposal  and  contract  are  primarily 
a matter  of  negotiations. 

2.  Request  for  Proposal  (REP).  The  RFP  must  clearly  define  what  is 
expected  in  the  contractor's  proposal  regarding  his  reliability  growth 
program.  It  should  basically  consist  of  four  areas  of  discussion: 

Reliability  requirements  (interims  and  final) 

Planned  growth  curves 

Testing 

Tracking  reliability  growth 

a.  Reliability  Requirements . Realistic  requirements  .are,  of  course, 
basic  to  the  entire  reliability  program  and  are  not  directly  associated 
with  the  growth  program . However,  it  is  important  to  understand  that 
the  growth  program  is  dependent  upon  realistic  requirements  since  the 
reliability  must,  at  some  time  grow  to  equal  or  •'xceed  the  requirements. 
Basically  the  requirements  must  reflect  a need  and  must  reflect  the 
state-of-the-art  within  constraints  on  cost.  There  are  two  types  of 
requirements  that  must  be  considered  for  reliability  growth  purposes: 

(1)  Final  Requirements.  At  some  point  in  time  the  reliability  must 
equal  or  exceed  some  pre-determ i ned  goal.  The  point  in  time  may  vary 
with  programs  (production,  fielding,  etc.',  but  each  program  is  required 
to  specify  a final  reliability  requirement  or  goal . 
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(2)  Interim  Reliability  Requirements.  These  are  reliability 
requirements  imposed  at  specified  milestones  during  the  deveiofmient 
cycle.  The  interim  requirements  must  lead  to  the  final  requirement 
and  must  set  a standard  on  which  the  progress  of  the  program  may  be 
Judged.  For  this  reason,  interim  requirement.,  must  be  specified  for 
the  same  hardware  and  environments  as  for  the  final  requirement.  The 
interim  requirements  should  be  determined  by  the  planned  growth  curve. 

b.  Planned  Growth  Curve.  A planned  growth  curve  must  be  required 
by  the  RFP.  It  should  be  used  to  predict  the  reliability  of  the  item 
under  development  at  any  time  during  the  development  process.  There 
are,  however,  specific  requirements  regarding  this  curve  that  should  be 
specified  in  the  RFP. 

(1)  Systems,  Sub-Systems,  and/or  Components.  The  RFP  must  clearly 
define  what  sys'em,  subsystem  and/or  component,  the  planned  growth  curve 
is  to  apply.  The  most  important  consideration  is  that  the  curve  apply 
to  the  same  system  to  which  the  final  requirement  applies.  Normally 
the  requirement,  as  far  as  the  contract  is  concerned,  applies  only  to 
the  equipment  for  which  the  contractor  is  responsible,  i.e.,  excludes 
government  furnished  equipment  (GFE),  interface  equipment,  etc.  The 
planned  growth  curve,  therefore,  should  also  apply  only  to  the  equipment 
for  ..hich  the  contractor  is  responsible. 

There  is  no  need  to  provide  a planned  growth  curve  for  subsystems 
and/or  components  if  there  is  no  contractually  binding  reliability 
requirement  for  that  subsystem  and/or  component.  (Such  curves  may  in 
some  cases  be  of  value  for  analysis  or  other  purposes,  but  they  need 
not  be  part  of  the  contract.)  This  point  is  mentioned  because  some 
contractors  have,  in  the  past,  included  hundreds  of  meaningless  planned 
growth  curves  in  their  reliability  program  plan,  indicating  a lack  of 
understanding  of  the  purpose  of  the  growth  concept. 

(2)  Prototypes . If  several  prototypes  are  to  be  developed  under 
different  conditions  then  the  RFF  must  either  require  a planned  growth 
curve  for  each  condition,  must  specify  an  average  condition  that  should 
lead  to  the  requirement,  or  must  specify  which  prototype(s)  t,o  which  the 
planned  growth  curve  applies.  The  following  are  examples  of  a number  of 
situations  that  could  occur  and  what  should  be  done  in  each  case. 

Example  1.  Two  prototypes  are  to  be  developed.  One  is  to  receive 
fixes  ns  they  are  developed;  the  other  is  to  receive  few  or  no  fixes 
until  late  in  the  program. 

Solution:  A growth  curve  should  be  submitted  for  each  prototype. 

The  curves  should  meet  at  a point,  later  in  the  program  when  each  proto- 
type has  sustained  an  equal  number  of  fixes.  The  item  receiving  the 
fixes  as  they  are  generated  should  be  considered  the  lead  or  control 
prototype  and  the  program  evaluation  should  be  based  upon  it  until  such 
time  as  t her  prototype  receives  the  same  fixes. 

Example  2.  Several  prototypes  are  to  be  developed  at  different 
points  in  time.  Newer  prototypes  will  include  design  changes  already 
incorporated  in  the  older  prototypes  and  will,  therefore,  be  similar  in 
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configuration  to  the  older  prototypes  at  the  same  time  that  testing  is 
begun  on  the  newer  prototypes . 

Solution:  It  will  be  assumed  that  at  time,  t^,on  the  growth  curve 

scale,  each  prototype  will  be  of  approximately  the  same  configuration 
age  although  their  chronological  ages  may  differ.  One  planned  curve 
should  be  submitted  which  represents  an  average  reliability  for  the 
prototypes.  The  time  scale  should  be  in  terms  of  configuration  age. 

Example  3.  One  or  more  prototypes  are  to  be  tested  under  either 
more  severe  environmental  conditions  or  less  severe  environmental  con- 
ditions than  the  reliability  requirement  specifies. 

Solution:  The  planned  growth  curves  normally  should  not  apply  to 
these  prototypes.  If  necessary,  however,  K-factors  can  be  applied  to 
the  data  to  compensate  for  unusual  environments.  Caution  must  be 
exercised  in  the  use  of  K-factors.  The  K-factor  problem  will  be  discussed 
later . 

(3)  Historical  Information.  As  mentioned  earlier,  all  available 
data  and/or  information  should  be  utilized  in  the  construction  of  the 
planned  growth  curves.  The  RFP  must  require  that  such  data  and/or 
information  be  used.  The  following  information  should  be  required. 

Source  of  data  and/or  information 

Applicability  of  data  and/or  information 

Degree  to  which  judgement  has  been  used 

Method  of  analyzing  data  and/or  information 

Rationale  for  determining  the  starting  point  for  the  curve 

(A)  Milestones . All  proposed  milestones  must  be  identified  in  the 
contractor's  proposal.  These  milestones  must  be  associated  with  specific 
points  on  the  planned  growth  curve. 

The  RFP  must  specify  that  milestones  should  correspond  to  points 
where  viable  decisions  can  be  made.  For  instance,  if  numerous  fixes  are 
to  be  incorporated  at  one  time,  it  would  not  be  appropriate  to  schedule 
a milestone  at  or  near  this  point  in  time.  The  reason  is  that  the  effec- 
tiveness of  the  fixes  cannot  be  determined  until  some  testing  has  been 
conducted  subsequent  to  the  fixes. 

(5)  Relationship  to  Final  Requirement.  Obviously  the  planned  growth 
curve  must  lead  to  the  final  requirement  at  an  acceptable  point  in  time. 
Normally  this  point  should  occur  at  or  before  full  production  of  the 
item.  A planned  growth  curve  that  does  not  lead  to  this  requirement  may 
be  interpreted  as  a prediction  that  the  requirement  cannot  be  met. 

c.  Testing . The  RFP  must  require  the  contractor  to  propose  a policy 
for  testing  the  prototypes  under  development  and  for  reporting  the  test 
results.  So  far  as  reliability  growth  is  concerned,  test  results  need 
only  to  be  reported  on  those  systems,  subsystems  and/or  components  for 
which  planned  growth  curves  are  submitted.  Reliability  demonstration 


tests  axe  not  normally  required  since  the  techniques  outlined  in  this 
handbook  permit  the  use  of  development  test  data  for  reliability  purposes. 
The  following  information  should  be  required  in  tne  RFP. 


(1)  Type  of  Testing.  The  contractor  must  specify  the  type  of 
testing  he  plans  to  conduct,  e.g.. 

Will  fixes  be  incorporated  as  they  are  developed? 

Will  testing  be  interrupted  for  periods  of  time  for  the 

incorporation  of  many  fixes? 

Will  a combination  of  the  above  be  employed? 

In  any  event  the  type  of  testing  will  affect  the  planned  growth  curve 
and  the  RFP  must  require  that  the  type  of  testing  and  the  planned  growth 
curve  are  compatible. 

(2)  Environments . The  RFP  must  require  that  proposed  environmental 
test  conditions  be  defined.  Only  testing  conducted  in  environments 
defined  for  the  requirements  are  directly  applicable  to  reliability 
growth  estimation.  For  instance  a field  requirement  cannot  normally  be 
demonstrated  in  a laboratory  environment  unless  provisions  are  made  for 
simultating  the  field  environment. 

If  testing  under  non-representative  environments  must  be  used  for 
i reliability  growth  purposes,  then  appropriate  adjustments  must  be  made. 

One  such  adjustment  is  the  use  of  K-f actors  discussed  next. 

(3)  K -Factors . When  testing  is  to  be  conducted  under  either  more 
severe  environmental  stress  or  less  severe  environmental  stress  than  the 
field  reliability  requirement  specifies,  the  use  of  K-factors  may 
represent  an  acceptable  means  of  transforming  the  test  results  from  one 
environment  to  another  if  test  results  under  requirement  environments 

are  impossible  to  obtain.  For  example,  if  one  hour  of  environmental  stress 
is  considered  to  be  the  equivalent  of  two  hours  of  normal  stress,  then 
the  K-factor  would  be  two.  The  times  during  which  the  stress  was  applied 
could  then  be  multiplied  by  two  and  the  failures  occurring  during  that 
time  could  be  appropriately  adjusted. 

The  use  of  K-factors  should  not  be  recommended  in  the  RFP  unless 
there  is  a valid  specific  need  to  use  them  and  unless  the  contractor 
can  propose  a realistic  means  of  arriving  at  a suitable  number.  K-factors 
are,  at  best,  very  subjective. 

(U)  Failure  Reporting.  The  RFP  must  require  the  contractor  to 
propose  a means  for  detecting,  evaluating  and  reporting  incidents 
related  to  failures.  He  should  first  specify  what  information  he 
proposes  to  record.  This  information  should  include  the  following  as  a 
minimum: 

Description  of  incident 

Changeability.  Should  the  incident  be  charged  to  the  contractor 

as  a reliability  failure,  and  how  should  this  be  determined? 
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Time  of  failure  in  terms  of  the  time  scale  for  the  planned  growth 
curve . 

Classification  of  failure  in  terms  of  its  effect  upon  the  mission 
and/or  other  criteria  such  as  cost. 

The  specific  form  of  classification  is  left  to  the  discretion  of 
the  project  manager  since  it  is  highly  dependent  upon  the  particular 
types  of  system  being  developed . 

All  incidents  must  be  reported  and  the  RFP  should  clearly  prohibit 
the  elimination  of  any  failures  on  the  basis  of  design  fixes. 

d.  Tracking  Reliability  Growth.  The  RFP  must  require  the  contractor 
to  propose  a means  of  tracking  the  reliability  growth  of  the  developmental 
item  and  of  comparing  the  tracked  growth  with  the  predicted  growth  given 
by  the  planned  growth  curve . 

(l)  Analytical  Methodology.  It  would  not  be  appropriate  for  the 
RFP  to  require  the  contractor  to  commit  himself  to  precisely  what 
methodology  will  be  used.  A primary  responsibility  of  this  handbook  is 
to  'onvey  the  message  that  an  acceptable  analysis  cannot  be  "cookbook". 

The  data  itself  must  ultimately  determine  the  analytical  methodology. 

However,  both  past  experiences  with  military  systems  under  develop- 
ment and  a study  by  Hughes  Aircraft  have  provided  convincing  evidence 
that  the  AMSAA  model  is  the  most  versatile  (robust)  procedure  for  track- 
ing reliability  growth.  Other  models  may  on  particular  occasions  fit 
some  sets  of  data  better,  but  the  AMSAA  model  has  been  found  to  fit 
nearly  all  reliability  data.  Furthermore,  it  has  been  found  through 
experience  that  in  the  few  cases  where  the  AMSAA  model  does  not  fit, 
other  models  do  not  fit  either. 

For  this  reason  it  should  be  recommended  in  the  RFP  that  the  AMSAA 
model  be  applied  first  to  determine  its  applicability.  If  a poor  fit 
is  obtained,  steps  should  be  taken  to  determine  any  physical  reason  for 
a lack  of  fit.  A common  reason,  for  instance,  has  been  that  for  periods 
of  time  only  part  of  the  system  is  being  exercised.  During  these  times, 
of  course,  the  failure  rate  would  be  expected  to  be  lower  than  during 
the  times  that  the  full  system  is  being  exercised.  Frequently  procedures 
of  this  sort  are  not  reported. 

There  are  other  common  reasons  for  a poor  fit  and  probably  the  most 
common  of  these  is  a sudden  and  unexpected  change  in  the  course  of  a 
program.  Such  a change  could  be  the  result  of  a management  change, 
procedural  change,  failure  criteria  change,  etc.  The  model  can  frequently 
serve  as  a tool  for  detecting  such  changes  and/or  their  effect  on 
reliability. 

A poor  fit,  therefore,  is  not  usually  a valid  reason  for  discarding 
the  AMSAA  model  since  frequently  such  an  occurrence  reveals  information 
that  may  have  gone  unnoticed.  Furthermore,  the  model  will  usually  fit 
the  data  in  segments. 
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The  purpose  of  requiring  the  AMSAA  model  i s not  to  impose  a 
particular  methodology  whether  or  not  it  is  appropriate.  If  the 
contractor  can  show,  from  the  hard  data,  that  the  model  is  inappropriate 
then  other  alternatives  should  be  approved.  The  purpose  of  requiring 
the  AMSAA  model  i^  to  impose  some  "teeth"  into  the  contract  which  will 
provide  a measure  of  standardization  into  military  contracts  and  will 
prevent  the  use  of  complex  models  that  do  not  reflect  the  real  world 
and  which  are  usually  difficult  to  understand  or  refute  without  an 
extensive  study. 

(2)  A^.  1 i c at ion.  'Ihe  RFP  should  clearly  indicate  to  the  contractor 
that  the  reliability  growth  curve  (tracking  curve)  will  be  used  to  assess 
the  progress  of  the  development  effort  in  ‘-omparison  to  the  predicted 
progress  of  the  development  effort  as  defined  by  the  predictive  curve. 

This  comparison  will  be  made  by  computing  confidence  limits  for  the 
tracking  curve  and  noting  the  location  of  the  predictive  curve  with 
respect  to  the  confidence  limits.  If  the  predictive  curve  lies  below 
the  lower  limit  of  the  tracking  curve,  the  reliability  growth  program  is 
considered  ahead  of  schedule.  I"  the  predictive  curve  lies  between  the 
confidence  limits,  the  reliability  growth  program  is  considered  on 
schedule.  If  the  predictive  curve  lies  above  the  upper  confidence  limit, 
the  reliability  growth  program  is  considered  behind  schedule.  The 
numerical  probability  associated  with  the  confidence  limits  should  be 
specified  in  the  contract. 

The  tracking  curve  and  confidence  bounds  should  be  represented  by 
a solid  line  up  to  the  point  in  time  for  which  data  has  been  applied. 

A broken  line  should  be  used  to  project  the  curve  beyond  the  time  for 
which  data  is  available. 

Although  primary  considerable  1 should  be  given  to  the  status  of  the 
program  at  the  point  in  time  that  the  latest  data  was  available,  it  is 
possible  that  the  program  will  at  that  point  be  on  or  ahead  of  schedule 
but  that  the  projection  will  not  lead  to  the  requirement.  This  will 
usually  be  caused  by  a planned  jump  or  other  rapid  increase  in  reliabil- 
ity at  some  future  time.  If  such  is  the  case  then  the  projection 
computed  before  the  jump  would  not  be  expected  to  project  to  the  require- 
ment since  the  projection  is  based  upon  what  happened  in  the  past  and 
cannot  predict  jumps  or  other  rapid  increases.  This  must  be  understood 
and  discussed  in  the  contractor's  proposal. 

(3)  Flanned  Course  of  Action.  The  RFP  must  require  the  contractor 
to  submit  a planned  course  of  action  based  upon  the  comparison  of  the 
predictive  growth  curve  with  the  tracking  curve.  If  the  reliability 
growth  program  is  either  on  or  ahead  of  schedule,  then  no  course  of 
action  is  required.  However,  if  the  reliability  growth  program  is  behind 
schedule  the  contractor  must  be  prepared  to  take  action. 

The  course  of  action  should  include  a re-evaluation  of  the  reliabil- 
ity program.  He  should,  for  instance,  determine  whether  or  not  the 
problem  is  associated  with  a particular  component  or  subassembly.  If 
this  should  be  the  case,  he  should  conduct  an  engineering  study  to 
determine  what  can  be  done  to  improve  the  reliability  of  that  component 
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or  subassembly . If  nothing  ran  b«  done  he  should  look  at  the  possibil- 
ity of  improving  the  reliability  of  other  components  or  subassemblies  in 
order  to  compensate  for  the  lower  reliability  of  the  component  or  sub- 
assembly  in  question. 

If  the  system  reliability  problem  cannot  be  associated  with  a 
particular  component  or  subassembly,  the  contractor  should  conduct  an 
engineering  study  of  the  most,  prevalent  failure  modes  to  determine  what 
can  be  done  to  reduce  the  rate  of  occurrence  of  failures  to  the  point 
where  the  reliability  program  will  be  back  on  track. 

Although  the  above  engineering  studies  should  be  conducted  in 
conjunction  with  government  hardware  and  reliability  experts,  a detailed 
report  of  the  findings  should  be  forwarded  to  the  project  manager  and 
other  appropriate  elements  of  the  government. 

i.  Kvaluat ion  of  Proposal.  The  contractor's  proposal  should  address 
everything  requested  in  the  RFP.  If  he  cannot  comply  with  any  portion 
of  the  HFP  he  should  say  why  not;  if  he  can  comply  tie  should  describe 
how.  A series  of  questions  have  been  suggested  to  aid  the  evaluation 
of  the  proposals ).  These  questions  are  intended  to  be  included  in 
official  POD  documentation,  but,  for  the  sake  of  brevity,  cannot  be 
included  in  this  paper. 

!*.  The  Contract . After  some  probable  negotiations  a contract  will  be 
signed.  Included  in  that  contract  must  be  a viable  reliability  growth 
program  to  include  a planned  growth  curve(s),  acceptable  testing 
procedures,  and  a proposed  method  for  tracking. 
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ABSTRACT 


TITLE:  Reliability  Growth  Tracking  and  Control  Procedures 
AUTHOR:  Dr.  Larry  H.  Crow 

ORGANIZATION:  US  Army  Materiel  Systems  Analysis  Activity 

(Reliability,  Availability  and  Maintainability  Division) 

ABSTRACT:  This  paper  discusses  management  and  methodological  concepts  for 
effective  tracking  and  control  of  reliability  growth  during  development 
testing.  In  particular,  the  concepts  and  usefulness  of  Idealized,  Pre- 
dictive and  Tracking  growth  curves  are  addressed.  Management  guidelines 
are  also  given  for  setting  milestones  and  tracking  reliability  growth. 
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Rl  1 l AB1 1.1  11  GROWTH  TRACKING  AND  CONTROL  PROCEDURES 


Or.  Larry  H.  Crow 

US  Army  Materiel  Systems  Analysis  Activity 
Ah'"  leen  Proving  Ground,  Mf>  21005 


1.  INTRODUCTION 

The  reliability  goal  for  a military  system  is  rarely  met  with  the 
first  design  and,  hence,  the  system  is  usually  subjected  to  a develop- 
ment testing  program  where  the  reliability  is  improved  through  testing, 
identification  of  problem  areas  and  the  incorporation  of  appropriate 
fixes.  Unless  the  reliability  growth  for  the  system  is  properly 
managed,  the  program  manager  may  not  realize  that  serious  reliability 
problems  exist  until  the  system  is  subjected  to  a demonstration  test. 
Invariably,  when  major  reliability  problems  are  surfaced  late  in  the 
development  program,  the  result  is  either  a costly  delay  in  the  deploy- 
ment of  the  system  while  engineering  modifications  are  made,  or  the 
system  is  deployed  with  lower  reliability  than  originally  required. 

In  this  paper  we  discuss  management  concepts  for  planning  and  track- 
ing system  reliability  growth.  Specifically  the  roles  of  Idealized  and 
Predictive  growth  curve-  for  planning  the  reliability  and  establishing 
various  milestones  are  discussed.  Also,  the  use  of  the  Tracking  growth 
curve  for  evaluating  the  reliability  status  of  the  program  is  discussed. 
These  management  concepts  are  designed  to  improve  the  chances  of  sur- 
facing majot  problem  areas  earlier  in  the  development  program  so  the 
program  manager  may  take  appropriate  corrective  measures  in  a timely  and 
cost-effect ive  manner. 

2.  nit  IDEALIZED  AND  PREDICTIVE  RELIABILITY  GROWTH  CURVES 

In  a general  sense,  the  development  program  can  visually  be  divided 
into  several  major  phases  as  shown  in  Figure  1.  The  reliability  growth 
for  the  system  is  often  depicted  as  a smooth  curve  over  these  various 
phases,  as  shown  also  in  Figure  1.  This  smooth  representation  of  reli- 
ability growth  is  generally  idealistic,  and  does  not  convoy  the  way 
reliability  will  actually  grow  during  development. 

A major  test  cycle  is  a distinct  test  phase  of  the  development  pro- 
gram usually  resulting  in  a significant  jump  in  the  system  reliability. 
If  we  divide  the  development  testing  program  into  its  major  test  cycles 
and  join,  by  a smooth  curve,  the  predicted  reliability  values  for  the 
system  at  the  etui  of  these  test  cycles,  then  the  resulting  curve  repre- 
sents the  general  overall  planned  pattern  for  reliability  growth.  This 
is  the  idealized  reliability  growth  curve.  It  does  not  represent  the 
actual  pattern  for  reliability  growth  within  each  of  the  major  test  cycl 
however. 

To  see  how  reliability  may  actually  grow  during  a major  tost  cycle, 
we  note  that  there  are  two  basic  types  of  development  testing,  namely, 
"test-fix-retest"  and  simply  "test-fix."  During  a test- fi x- retest  pro- 
gram, the  system  is  tested  and  problem  failure  modes  determined. 
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Fixes  for  these  deficiencies  are  incorporated  into  the  system  which  is 
then  retested  to  verify  the  fixes  and  surface  new  problem  areas.  During 
a test-fix  program,  significant  fixes  are  not  introduced  into  the  system 
during  the  test  cycle  but  rather  are  incorporated  at  the  end  of  the  test, 
resulting  usually  in  a large  jump  in  system  reliability. 

The  reliability  growth  during  a major  test  cycle  is  often  a combina- 
tion of  these  two  basic  types  of  testing.  Typically  some  fixes  are 
introduced  into  the  system  during  test,  and  other  fixes  are  delayed, 
and  incorporated  at  the  end  of  the  test.  The  result  is  a smooth  increase 
in  reliability  until  the  end  of  the  test  cycle,  then  a jump  may  occur 
because  of  the  delayed  fixes.  This  is  illustrated  in  Figure  2. 

We  note  that  during  a test-fix  program,  the  impact  of  the  delayed 
fixes  on  the  s>stem  reliability  cannot  be  measured  from  actual  system 
performance  until  the  data  from  the  next  test  phase  are  collected. 

The  predictive  reliability  growth  curve  shown  in  Figure  3 depicts  the 
wav  reliability  is  actually  planned  to  grow  during  each  of  the  major  test 
cycles.  The  corresponding  idealized  curve,  illustrating  the  overall  pat- 
tern for  reliability  growth  is  also  shown.  The  predictive  curve  shows 
the  type  of  reliability  testing  planned  for  each  of  the  major  test  cycles. 
It  also  gives  the  expected  reliability  at  the  beginning  and  end  of  the 
test  cycles.  In  particular,  the  amount  of  reliability  improvement  that 
is  planned  during  the  test  cycles  by  incorporating  fixes  during  the  test 
is  reflected  by  the  smooth  curve.  Also,  the  amount  of  reliability  improve- 
ment planned  as  a result  of  incorporating  delayed  fixes  at  the  end  of  the 
test  cycles  are  also  shown.  The  predictive  reliability  growth  curve,  con- 
structed in  this  fashion,  gives  the  program  manager  various  milestones  at 
the  beginning  and  end  of  each  major  test  cycle  to  be  used  for  controlling 
the  reliability  growth  process. 

At  the  beginning  of  the  development  program  and  before  hard  reliabil- 
ity data  are  generated,  the  program  manager  should  construct  a predicted 
reliability  growth  curve.  This  is  an  initial  planning  curve,  based  on 
the  best  available  information  from  the  contractor  and  program  manager's 
office,  on  how  reliability  is  expected  to  grow  during  each  of  the  major 
test  cycles.  Its  purpose  is  to  give  a realistic  indication  of  what 
the  reliability  is  expected  to  be  at  various  points  in  the  development 
cycle. 


The  idealized  reliability  growth  curve  is  used  for  overall  planning. 
The  predictive  curve  is  used  for  determining  specific  milestones  and 
objectives  at  each  stage  in  the  program.  The  specific  milestones  and 
objectives  are  needed  when  tracking  the  system  reliability  to  determine 
if  the  reliability  effort  is  acceptable,  and  to  surface  major  problem 
areas  early. 

3.  THE  TRACKING  RELIABILITY  GROWTH  CURVF 

At  major  decision  points  in  the  program  a numerical  measure  of  the 
system  reliability  should  he  determined  and  compared  against  the  planned 
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goal  at  that  time.  It  should  he  noted  that  for  effective  management  and 
reduced  risk,  the  milestones  should  he  set  so  that  viable  alternatives 
exist,  in  terms  of  available  resources  to  recover  the  program,  if  a re- 
liability goal  is  not  met. 

, As  a tool  for  surfacing  major  problem  areas  as  early  as  possible,  a 
tracking  reliability  growth  curve  is  often  employed  once  sufficient  re- 
liability data  are  generated.  Using  data  throughout  the  test  cycle,  the 
tracking  curve  provides  an  estimate  of  the  current  status  of  the  system 
reliability  and  generally  makes  a projection  of  the  expected  reliability 
at  the  end  of  the  test  cycle.  These  projections  are  usually  made  on  the 
assumption  that  the  reliability  effort  in  the  future  will  continue  in  the 
same  fashion  demonstrated  up  to  the  present  time.  Since  the  estimate  and 
projections  are  based  on  fixes  that  are  being  incorporated  into  the  system 
during  the  test  (i.e.  the  test-fix-retest  portion),  the  projections  do  not 
estimate  the  jump  in  reliability  at  the  end  of  the  test  cycle  due  to  the 
incorporation  of  delayed  fixes.  An  example  of  a tracking  reliability 
growth  curve  is  shown  in  Figure  4. 

The  program  manager  can  continually  evaluate  the  status  of  the  re- 
liability program  by  comparing  the  current  estimates  and  projections  to 
the  goals  and  milestones  from  the  predictive  curve.  If  the  projections, 
for  example,  are  significantly  below  the  milestones  at  the  end  of  the  test 
cycle,  then  corrective  action  can  be  taken.  This  reduces  the  risk  of 
not  attaining  the  final  reliability  goal  and  is,  of  course,  more  timely 
and  cost  effective  than  taking  corrective  action  at  the  end  of  the  test 
cycle. 
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Figure  4.  A Tracking  Reliability  Growth  Curve  Over  a Major  Test  Cycle 
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Modeling  Reliability  Conditioned  on  Usage  In  an  Operational 
Te6t  Environment 

AUTHOR:  Mr.  Leslie  Lancaster 

US  Army  Operational  Test  & Evaluation  Agency 

ABSTRACT:  A computerized  methodology  for  analyzing  the  failure  data  pro- 
cess is  developed  for  an  operational  test  environment.  System  reliability 
is  modeled  by  a Weibull  distribution  with  usage  dependent  shape  and  scale 
parameters.  The  model  parameters  are  estimated  by  an  iterative  ridge 
regression  technique.  An  example  is  given  to  illustrate  how  the  shape 
and  scale  parameters  and  the  failure  rate  vary  with  respect  to  usage. 

Background . Historically,  the  Weibull  distribution  has  been  used  exten- 
sively for  reliability  investigations  of  failure  data  in  a developmental 
testing  (DT)  environment.  In  this  environment  performance  is  characterized 
by  first  failures.  Current  procedures  in  an  operational  testing  (OT) 
environment  are  to  utilize  DT  tools.  That  is,  operationally,  every  time 
the  weapon  system  is  ’■epaired,  it  is  assumed  to  be  as  good  as  new,  an 
assumption  failure.  Therefore,  new  tools  need  to  be  developed  for  the 
operational  environment. 

Tills  report  discusses  a new  methodology  to  be  used  for  repairable 
systems  in  an  OT  environment. 

Further,  one  weapon  may  fail  n times  in  m ways,  but  the  current  state 
of  the  art  analysis  is  based  upon  total  number  of  failures  without  distri- 
bution over  failure  types.  The  developed  methodology  can  uniquely  handle 
this  problem  by  batching  into  one  distribution  and  assigning  to  each  failure 
type  a different  usage  criterion. 

The  analytical  problem  is  to  derive  the  conditional  survivor  function 
given  that  the  weapon  has  aged  by  repeated  use  and  certain  weapon  compon- 
ents are  continuously  being  replaced  either  by  failure  or  through  prevent- 
ive maintenance. 

A renewal  process  is  a series  of  events  where  units  (miles,  rounds, 
minutes)  between  events  are  independent  and  identically  distributed.  For 
example,  the  age  replacement  criterion  generates  two  renewal  processes; 
one  corresponds  to  the  sequence  of  failures;  the  other  corresponds  to  the 
sequence  of  removals  of  both  failed  and  deliberately  replaced  items. 

The  developed  capability  may  be  useful  to  predict  the  f ield/operation- 
al  reliability  and  necessary  maintenance  support  requirements  based  upon  an 
abbreviated  history  of  a weapon  system.  For  example,  given  a weapon  system 
in  combat,  what  is  the  probability  that  the  weapon  will  operate  successfully 
for  K more  units  given  that  its  usage  has  already  been  t units. 
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Introduct  ion.  In  an  operational  tost  (OT ) onvironinont  a svston  is  tested 
whereby  the  units  (time,  rounds,  miles,  etc.)  at  failure  are  recorded  as 
a dependent  sequence  of  intervals.  The  system  is  rcpet It tously  repaired 
and  continuously  tested  In  as  realistic  an  operational  environment  as 
possible  as  dictated  by  a designed  testing  procedure.  Thus,  the  sequence 
of  failure  intervals  form  a renewal  process  or  time  series  such  that  the 
intervals  form  a dependence  structure.  To  reflect  age  or  usage  in  the 
OT  environment  the  observed  time  series  is  modeled  by  a conditional  time 
dependent  Weibull  distribution  expressed  as  follows: 

K(x/t)  - exp[-(|^*  ) (1) 

where  ' 


X - 
t - 

R(x/t)  - 

0(0  „ 

- 


units  between  failure 
age  or  usage  in  units 

reliability  of  operating  x units  without  failure  given  that 
the  age  or  usage  is  already  t units 
location  parameter 

age  or  usage  dependent  scale  parameter 
age  or  usage  dependent  shape  parameter 


That  is,  the  scale  and  shape  parameters  vary  accordingly  with  age  or  usage. 
For  example,  after  estimating  the  Weibull  parameters  from  OT  results,  the 
system  user  can  plot  a reliability  curve  for  each  fixed  value  of  age  or 
usage.  Output  from  the  computerized  methodology  includes  various  values 
of  ^(t)  and  T(t)  as  t is  incremented  over  the  life  of  the  test. 


Computerized  flct  hodo  logy.  A computer  package  is  developed  to  describe  t lie 
model  expressed  by  the  equation  (1).  Input  to  the  package  is  the  failure 
data  in  the  observed  order  which  can  he  considered  as  intervals  in  the  time 
domain.  These,  intervals  represented  hv  t and  x are  the  actual  observations. 
For  the  special  case  given  as  follows: 


&(±)  - O 

>s  (i)  ~ * (2) 


the  actual  order  of  the  observations  are  insignificant  and  represents  the 
usual  developmental  testing  (DT)  situation.  An  initial  pass  of  the  data 
for  this  special  case  given  by  equation  (2)  is  made  for  two  reasons. 

First,  this  case  is  the  three  parameter  Weibull  case  (references  5 and  6) 
and  the  resulting  output  is  used  for  .omparitivc  purposes.  Second,  the 
estimated  location  parameter  is  assumed  to  he  a good  estimate  and  is  there- 
fore used  at  this  estimated  value  for  estimating  the  age  or  usage  para- 
meters. 
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Output  from  the  computerized  methodology  is  a powerful  means  for 
presenting  analytical  results  to  the  OT  independent  evaluation.  For 
example,  besides  expressing  varying  values  of  &(t)  and  *(t),  other 
key  parameters  are  also  expressed.  For  example,  for  t fixed  the  Weibull 
mean  and  standard  deviation,  the  failure  rate  at  the  median,  and  R(mean/t) 
are  also  Cabled.  These  tabled  values  form  a comprehensive  picture  of  the 
resultant  system  based  on  the  failure  data.  Plots  of  the  family  of  reli- 
ability curves  provide  a descriptive  picture  of  the  system  statistics. 

Of  further  interest  is  finding  the  age  or  usage  when  *(t)  - 1,  the  nega- 
tive exponential  distribution  trade-off  point.  These  output  results 
provide  useful  means  for  comparing  various  candidate  systems,  etc. 

Kstimatlon  of  the  Coefficients.  Equation  (1)  expresses  the  general  model 
used  to  represent  the  failure  data.  For  estimation  purposes,  equation  (1) 
is  re-vritten  as  follows: 


R(x/t)  - exp  I -b1tb2  (x-  fr)  3 V ] 


(3) 


where  the  coefficients  are  estimated  by  a graphical  plotting  technique  via 
classical  regression. 

To  write  equation  (3)  as  a regression  model,  take  the  natural  loga- 
rithms twice  to  get  the  following  expression: 

(x/l)  - Kb,+  bxJH  ^ (<»> 

Note  that  in  log-space  the  observables  plus  their  first  order  interaction 
are  represented  as  independent  variables  in  the  regression.  On  represent- 
ing x and  t as  observables  from  a sample  size  of  n and,  therefore  introduc- 
ftig  error,  equation  (4)  takes  the  form  of  a linear  regression  written  in 
matrix  notation  as  follows: 

Y * + § <» 

Hence,  classical  regression  techniques  are  used  to  estimate  the  coefficients 
and,  thus,  to  estimate  the  Weibull  parameters.  Also,  hyj'  esis  tests  can 
also  be  made  directly  on  the  coefficients  in  the  classic.  sense.  Although 
not  treated  here,  serial  correlation  was  significent  in  applications  in  the 
error  vector  as  expressed  by  equation  (5). 


The  classical  estimate  of  the  coefficient  vector  is  given  as  follows: 

o * (x'xr'o  . (6) 


(x'xy'r'Y 

However,  on  using  penalty  functions,  this  estimate  will  be  modified 
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Plotting  Posit  logs,  la  order  to  convert  the  conditional  reliability  to 
a dependent  variable  in  the  regression  model,  plotting  positions  based 
upon  the  observables  shall  be  used.  For  a sample  sire  of  n,  the  model 
given  in  equation  (3)  expressing  the  kth  observation  or  failure  is  repre- 
sented as  follows: 

R(x/t)  - R(XK  / +Z,  * *-*■*.,  ) (7) 

That  is,  for  an  initial  age  or  usage  tQ 

*k  " ro  + xl+  •••+  xk 

xk  “ tfc  _tk-l  (®) 

for  K»l,2...,n.  The  plotting  points  for  the  corresponding  reliabilities 
are  assigned  values  as  follows: 

K (9) 

* n + / 

where  the  ordering  relationship  for  assigning  the  points  needs  to  be 
determined . 

To  determine  this  assignment,  consider  the  following  two  assumptions: 

(a)  < £(*/*  ) 

J (10) 

0>)  R(x/6/-^-)  < R(*/0 

Due  to  the  monotonicity  properties  of  the  reliability  function,  assumption 

(a)  is  always  true.  However,  over  the  interval  of  observables,  assumption 

(b)  could  be  true  or  false  with  respect  to  some  cross-over-value  x*  (see 
equations  16-18).  That  is,  assumption  (b)  has  the  following  possibilities: 

(a)  True  for  X > x*  and  false  for  x < 

(b)  Always  True 

(c)  Always  False 

(d)  False  for  X7X.*  and  True  for  x < X* 

Therefore,  the  a priori  determination  of  the  plotting  positions  expressed 
by  equation  (9)  is  a difficult  problem.  The  following  possibilities  can 
be  mentioned: 

(a)  Order  on  x^ 

(b)  Order  on  the  product 

(c)  Ordi  on  the  expression  -C,  X'^  +•  (11) 
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(d)  Order  on  t^ 

(e)  Add  the  point  values  from  (a)  and  (b)  and  normalize 

where  cj  + 03  *•  1 and  where  the  order  relationship  16  from  maximum  to 
minimum  for  the  assignment  from  1 to  n 

n+1  n+1 

All  possibilities  given  by  equation  (11)  could  he  tried  and  the  one 
giving  the  smallest  standard  error  of  the  estimate  (SEOE)  in  the  repres- 
sion could  be  selected.  However,  most  of  the  time  in  applications  of  the 
methodology,  ordering  on  gave  the  smallest  SEOE,  so  it  should  always  be 
tried.  Further,  the  user  may  want  to  select  a possibility  not  having  the 
smallest  SEOE.  For  example,  the  user  may  prefer  possibility  (d)  rather 
than  (a)  due  to  a heavy  burden  on  unit  usage.  Also,  some  cases  may  dictate 
the  selection  of  another  possibility  having  a higher  SEOE  which  will  become 
obvious  on  inspection  of  the  output.  Thus,  the  user  becomes  part  of  the 
iterative  loop  and  experience  is  an  asset.  From  applications  of  the  meth- 
odology, it  was  found  that  the  selection  procedure  for  the  dependent  variable 
vector  in  the  regression  was  very  sensitive. 

Rank  Correlation.  Define  the  ordering  of  the  x's  from  minimum  to  maximum 
as  the  standard  order.  Since  the  random  variable  x is  assumed  to  follow  a 
Weibull  distribution,  the  regression  coefficients  for  this  ordering  or  plot- 
ting position  possibility  can  always  be  estimated.  However,  key  parameters 
and  the  residual  analysis  are  used  to  check  the  goodness-of-fit . Rank  cor- 
relation is  used  to  determine  whether  the  regression  coefficients  for  the 
other  possibilities  can  be  estimated.  Beginning  with  the  standard  order, 
the  other  possibilities  are  ordered  and  their  rank  correlations  arc  computed. 
If  any  rank  correlation  is  less  than  a value  determined  by  the  user,  say 
0.1,  then  that  plotting  position  possibility  is  skipped. 

Parametric  Relationships.  On  equating  equations  (1)  and  (3)  convenient 
relationships  are  derived  between  any  pair  of  the  three  parameters  -Mt), 

In  9(T) , and  In  t.  These  relationships  are  displayed  in  Table  1.  Therefore, 
once  the  coefficients  are  estimated,  the  families  of  curves  can  be  easily 
computed . 

Note  that  all  six  of  the  expressions  given  in  Table  1 are  linear  frac- 
tional transformations  (see  reference  1)  with  zero  imaginary  parts.  Hence, 
the  limiting  cases  are  easily  found  and  displayed  in  Table  2. 


Bounds.  The  model  is  characterized  by  various  bounds  on  the  parameters. 
From  the  properties  of  linear  fractional  transformations  and  since  the 
shape  parameter  has  to  be  positive,  the  following  inequalities  must  hold: 


>2  y 0 (when  t ■ 1) 


b2b3  ^ 1°  bj 


(12) 

(13) 

b2(l  + b3)  > b4  (In  bx  - ln6(t))  (14) 

Also,  let  5 " I b^ t , then  upper  or  lower  bounds  are  given  on  t as  follows: 


In  t ( 


In  t > 


f-s. 

( 5 , 


for  b < 0 and  b.  0 

3 4 

for  b3  > 0 and  b4  ^ 0 


(15) 


- § , for  b^  > 0 and  b^ 


> 0 


$ , for  b.  < 0 and  b,  > 0 


Equality  holds  when  0 R(x/t) 


- 0. 


Further  bounds  which  relate  to  assumption  (b)  of  equation  (10)  are 
given  by  looking  at: 


R(x*/t)  * R(x*/s) 


(16) 


where  t i s.  For  this  case  the  following  expression  is  obtained: 

^ (s)  ln(x*  - $ ) - In  8 (s) 

*(t)  - ln(x*  - f ) ~ In  6 (t)  (17) 

On  substituting  the  coefficients  this  expression  reduces  to  the  following: 


ln(x*-  ~y  ) 


(18) 


Note  that  for  0(t)*=x*-  If  this  is  the  same  situation  as  ^(t)-^0  and  lnt-^OO. 
The  cross-over-value,  x*,  is  a key  parameter  for  preventive  maintenance  con- 
siderations. 


Also,  from  Table  1,  column  1,  note  that  ^ (t)  is  never  constant  as  t 
varies  since  ^ (t)  -^(i)  implies  that  s ■ t.  Hence,  ^(t)  * A (s)  refers 
to  the  degenerate  case  as  expressed  by  equation  (2). 
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Correlation  Matrix.  On  estimating  the  coefficient  vector  in  equation  (5), 
let  C denote  the  matrix  of  simple  correlations  defined  as  follows: 

C - D_1X/XD~1  (19) 

where  D is  a diagonal  matrix  whose  elements  are  determined  such  that  C has 
all  ones  on  its  diagonal.  Define  pseudo  multiple  correlations  squared  as 
follows : 


q2  - 1-  1 (20) 

where  is  the  kth  diagonal  element  of  C_*.  Each  ^ corresponds  to  one 
of  the  four  variables  making  up  the  design  matrix.  Both  types  of  correlations 
are  used  for  constructing  the  decision  criteria  for  utilizing  penalty  func- 
tions in  an  iterative  fashion. 


Ridge  Regression.  Due  to  a set  of  possibly  highly  correlated  variables, 
Marquards  ridge  regression  technique  is  utilized  in  estimating  the  co- 
efficient vector  in  equation  (5).  An  iterative  procedure  is  performed  in 
the  estimation  process  whereby  the  starting  value  for  the  penalty  function 
is  given  as  follows: 


where  (for  example,  " 0.999)  is  chosen  by  the  user  and  T is  determined 
by  the  sample  and  given  as  follows: 


K = max  (22) 

h*  ' 3* 

where  the  ft*  are  elements  of  the  correlation  matrix  C.  At  each  step  of 
the  iterative  process,  a new  correlation  matrix  is  derived  as  follows: 

{ C + ( \ + q € ) 1 ] — ► cq*  (23) 

For  q*«0,l,2, 


where 


C = original  correlation  matrix  defined  by  equation  (19) 
« starting  value  defined  by  equation  (21) 
q - the  integral  step 
£ ■ the  step  size  as  given  by  the  user 
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I >»  the  identity  matrix 
Cq*  ■ the  qth  correlation  matrix 

Adaptive  stopping  rules  are  set  up  in  the  next  section  and  if 
these  stopping  rules  are  satisfied,  then  the  iterative  process  is  termi- 
nated on  the  qth  step  with  an  estimate  of  the  coefficient  vector  given 
as  follows: 

(3  = (DC  * D)'"1X/Y  (24) 


q ' q 
Note  that  as  q 


co  r * 
» Lq 


I and  for  this  limiting  situation: 


( D_2x'Y 


(25) 


STOPPING  RULES 

To  execute  termination  of  the  iterative  estimation  process  stopping 
rules  are  utilized.  The  iterative  process  in  the  estimate  of  (3^  is 
continued  until  the  following  inequality  is  satisfied: 


Max 


Su 


0.9999 


(26) 


Also,  a condition  number  (see  reference  3)  is  imposed  on  the  matrix  inver- 
sion as  expressed  as  follows.  Write  the  correlation  matrix  as  follows: 

C - ( -5,  , > (27) 

then  the  condition  number  is  defined  as  follows: 


norm  ici 


1 £L 


(28) 


’ -J  -J 

Now  since  C is  assumed  to  be  positive  definite,  the  following  inequalities 
must  hold: 


0 < ici  < i 

1 < < 


(29) 


for  K=l,2,3,4 

Hence,  the  condition  number  is  constrained  as  follows: 

0 < normjc/  ^ 1 (^0) 

where  the  upper  limit  is  achieved  for  completely  uncorrelated  parameters. 
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However,  when  nonn/fj  - 0 (10_k),  a change  in  the  kth  or  earlier  signifi- 
cant digit  of  any  of  the  elements  of  the  correlation  matrix  0 can  lead  to 
changes  of  order  10^  in  the  estimate  of  the  coefficient  vector.  There- 
fore, the  iterative  process  in  the  estimation  of  is  continued  until 

the  following  inequality,  as  determined  by  the  user,  is  satisfied: 

norm/Cj  > 5*E-6  (31) 

Also  the  inequalities  on  the  coefficients  must  also  be  satisfied  before 
executing  termination  of  the  iterative  loop. 

FAILURE  RATE 


The  failure  rate  defined  as  the  number  of  failures  per  normalized  unit 
(miles,  rounds,  minutes,  etc.)  can  be  used  to  aid  in  the  interpretation  and 
to  help  the  user  choose  the  correct  plotting  position  for  his  sample. 


In  terms  of  conditional  distribution  functions,  the  failure  rate 
function,  related  to  the  reliability  function  for  fixed  t 

as  follows: 


R/x/t)«  exp  r(y/ - f(*/ O/ rf*/0 


(32) 


where  f(x/t)  is  the  conditional  probability  density  function.  Now 
at  the  median,  then  the  corresponding  failure  rate  for  the  Welbull 
distribution  is  given  as  follows: 


r(modinn/t)  - 


(X,  o’~ 

TH-fc)  &(*) 


The  idea  is  to  see  how  ♦'(median/t)  behaves  as  t Increases. 


f ix  x 


(33) 


EXAMTLE: 


To  preclude  on  indepth  investigation,  an  example  will  be  given  to 
illustrate  the  computerized  methodology. 

The  observations  for  this  example  are  given  in  Table  3.  Chronologi- 
cally it  appears  that,  since  the  failures  arc  happening  faster,  the  failure 
rate  should  be  increasing  over  t.  llowiver,  from  the  list  of  key  parameter 
values  for  the  three  parameter  Welbull  case  as  given  in  Table  A,  since  the 
shape  parameter  is  greater  than  one,  the  failure  rate  is  decreasing  over  x. 
Hence,  DT  information  cannot  he  used  to  answer  OT  problems,  since  no  DT 
information  is  given  on  tbe  behavior  of  failure  rate  over  t,  nnd  since  the 
decreasing  failure  rate  over  x is  misleading.  Equality  between  HT  and  OT 
holds  if  the  n observations  are  first  failures  from  n different  systems. 
Then  tj  *■  tQ  for  all  1 which  is  the  degenerate  case  given  by  equation  (2). 


295 


TABLE  3 

OBSERVATIONS  FOR  THE  EXAMPLE 


I 

X 

t 

1 

30 

1.0* 

2 

15 

30 

3 

10 

45 

4 

15 

55 

5 

10 

70 

6 

5 

80 

7 

5 

85 

8 

4 

90 

9 

4 

94 

*Changed  from  0.0 

TABLE  4 

THREE  PARAMETER  WEI BULL  CASE 

Parameter 

Value  or  Estimate 

Sample  size 

9 

Scale 

7.13 

Shape 

1.52 

Location 

3,74 

Rank  correlation 

-.88 

Minimum  observation 

4 

Maximum  observation 

30 

Mean 

13.35 

Median 

7.83 

Standard  deviation 

15.09 

Standard  deviation  (residual) 

1.68 

Mean  (residual) 

0.13 
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For  the  regression  model  as  developed.  Table  5 displays  the  simple 
and  pseudo  multiple  correlations  of  the  independent  variables  and  the 
condition  number  of  the  matrix  inversion.  The  regression  coefficients 
and  the  goodness-of-f it  parameters  for  the  residuals  are  al6o  given  in 
Table  5.  The  plotting  position  for  this  example  is  based  upon  the  order- 
ing of  the  X^'s  since  it  had  the  smallest  SHOE. 

Table  6 displays  some  key  parameter  values  for  various  usage  values. 
Note  that  the  failure  rate  decreases  initially  and  then  increases  as  implied 
by  the  observables.  Graph  1 displays  the  reliability  curves  for  various 
usage  values.  Note  that  the  reliability  is  degraded  as  usage  increases  as 
implied  by  the  observables  for  this  example. 

Conclusions.  The  example  illustrates  differences  between  OT  and  DT.  Table 
4 displays  output  from  the  DT  approach.  Tables  5 and  6 and  Graph  1 show 
some  of  the  Information  gained  by  using  the  developed  methodology  as  needed 
for  answering  OT  questions. 

Plots  similar  to  Graph  1 could  be  very  useful  for  comparing  or  combin- 
ing different  samples  when  answering  OT  objectives.  Also,  the  user  may 
want  to  experiment  with  variations  on  the  definition  of  usage  as  given  by 
equation  (8).  For  example,  t.  could  be  defined  as  miles  plus  rounds  prior 
to  the  kth  failure  while  x^  is  strictly  miles  between  failure. 
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TABLE  5 

CORRELATIONS  OF  THE  INDEPENDENT  VAR1ABI.F.S 


Variable 

Intercept 

In  t 

In  x 

In  t In  x 

Simple 

Correlation 

1.0 

.939 

.553 

.401 

1.0 

.332 

.364 

1.0 

.818 

- 

1.0 

Coef 

-11.3103 

2.3016 

3.7208 

-0.6659 

Pseudo 

Multiple 

Correlations 

.9998 

.9998 

.9996 

.9993 

Condition  Number 

.149-04 

Residuals:  Mean  ■ -.1956-05 


SEOE 


1085 


Graph  1.  Reliability  Curves  Conditioned  on  Usage 


Units  Between  Failure 
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TITLk:  C.ost  and  Schedule  Risk  Analysis  Modeling  for  Weapon  System 

Acquisition  Programs 

AUTHOR:  Mr.  Truman  W.  Howard,  III 

Missile  Research  and  Development  Command 

ABSTRAW:  In  order  to  insure  that  the  Army  of  the  80‘s  is  properly 
equipped  with  weapon  systems  reflecting  current  technology,  a continuing 
stream  of  basic  research  and  development  and  new  hardware  development 
programs  will  be  required.  Funds  for  RAJ)  programs  continue  to  be  scarce, 
and  the  programs  are  plagued  with  uncertainties  inherent  to  such  develop- 
ment efforts. 

Uncertainties  associated  with  project  costs,  schedule,  and 
probability  of  successful  completion  need  to  be  addressed.  The  decision 
maker  is  also  interested  in  alternative  approaches,  a comparison  of  risks 
for  each  alternative,  and  potential  trade  offs  that  can  be  made  to  mini- 
mize these  program  risks.  A methodology  and  a simulation  program, 
designed  to  address  these  problems,  are  discussed.  A weapon  system  risk 
analysis  modeling  application  is  also  discussed. 
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Cost  and  Schedule  disk  Analysis  Modeling 
for  Weapon  System  Acquisition  I'ro.Tama 

Mr.  Truman  W.  Howard,  III 

Missile  Research  and  Development  'ortmund 

I.  INTRODUCTION 

Cost  growth  in  new  weapon  systems  has  probably  received  more  attention 
in  the  media  during  the  past  several  years  than  ajiy  other  defense  subject. 

The  General  Accounting  Office  (CAO)  cites  that  three  principal  causes  of  cost 
growth  are  increases  resul tiiut  from  /Tester  capability  demanded  of  new  sys- 
tems which  then  requires  n greater  system  complexity;  increases  resulting 
from  the  way  weapon  systom  programs  are  managed  fro  the  design  and  J.eveloi*- 
ment  stage  through  production;  ;uid  inflation  (4,  p.  l). 

To  meet  the  constantly  increasing  military  capability  of  enemy  hardware 
and  to  exploit  new  technology , military  services  require  that  new  weapon  sys- 
tem capabilities  exceed  those  to  be  replaced.  Hence,  today's  weapon  systems 
are  much  more  complex  and,  therefore,  more  costly  than  their  predecessors.  A 
comparison  of  the  latest  generation  of  eight  systems  such  as  aircraft,  mis- 
siles, and  tanks  shows  that  the  cost  of  each  successor  system  is  between  two 
and  six  times  greater  than  its  predecessor  (4*  P.  1?)» 

Managers  of  Weapon  System  development  programs  have  had  a difficult 
task  trying  to  control  system  changes  and  attempting'  to  achieve  what  are 
often  very  optimistic  cost,  schedule,  and  performance  requirements.  Cost 
histories  of  4b  systems  under  development  in  June  1'J72  showed  that  estimates 
one  year  later  exceeded  development  estimates  by  .70  percent  ($1'}.  1 Hill  ion) 
(4*  p.  24).  Such  widely  publicised  overruns  have  had  a severe  impact  on  the 
credibility  of  both  government  and  industry'  management . One  case,  the  0-b A 
nearly  doubled  its  estimated  unit  cost  from  $78  to  3*'b  million  dollars  over 
a five  year  period  (4,  p.  74).  Such  cost  growth  experience  is  not  new.  A 
Harvard  research  team  analysed  17  weapon  system  development  programs  in  the 
1950'e  and  found  that  development  costs  averaged  ^.7  times  the  original 
estimate,  and  schedule  slippage  averaged  1.A6  times  the  original  estimate 
(14,  pp.  429-440). 

The  C/AO  cites  three  primary  contributors  to  cost  growth  due  to  acqui- 
sition management.  These  are  inflation,  changes  to  specifications,  and 
inaccurate  estimating  (4,  pp.  2 *>-29).  Inflation  has  had  a massive  impact  on 
the  Department  of  Defense  (DOP)  budget.  While  actual  expenditures  from  FY 
54  to  FT  74  have  increased  by  81'*,  thp  FY  74  budget  is  20V  below  the  FY  h4 
level  in  real  buying  power.  Key  elements  of  weapon  system  costs  have  escal- 
ated dramatically  the  past  few  years.  Metals  and  metal  products  escalated 
50*;d  from  1972— 1975.  Fuel s and  related  products  escalated  100V  during  the 
same  period  (20),  An  accurate  representation  of  future  defense  expendi- 
tures, which  includes  the  differing  impact  of  inflation  on  separate  segments 
of  the  economy',  is  critical  to  both  the  DOP  budget  ing  process  and  to  the  de- 
velopment of  credible  cost  estimates.  Development  of  POP  price  indices  and 
their  use  in  weapon  system  cost  estimating  are  discussed  by  Howard  (10). 

Cost  growth  due  to  changes  in  specifications  (schedules,  quantities, 
or  engineering  changes)  primarily  results  from  unrealistic  performance  tar- 
gets at  the  outset.  These  include  dial  1 enging  the  state-of-the-art-  fron- 
tier and  v to  develop  and  produce  the  system  too  fast  (4,  p.  2^)  or  not 
Starting  •'  ^ U soon  enough.  As  a result  production  is  started  before  de- 
velopment is  complete.  Stringent  performance  requirements,  combined  with 
optimistic  risk  estimates  and  low  initial  cost  predictions,  lead  to  engineer- 
ing changes,  cost  growth  and  schedule  slippages. 


The  third  cause  of  cost  growth*  cited  by  the  GAO*  le  inaocurate  esti- 
mating. Forces  of  competition  are  a major  cause  of  optimistic  estimates  by 
defense  contractors.  Other  inaccuracies  result  from  the  difficulty  of  esti- 
mating unknowns  and  predicting  technology.  These  areas  will  always  be  a 
problem  for  cost  estimators.  The  Blue  Ribbon  Defense  Panel  reported  that: 

The  implicit  assumption  that  technical  risks  can  be  foreseen 
prior  to  commencement  of  development  has  proved  wrong.  * * * 

It  follows  that  the  belief  that  detailed  pricing  techniques  for 
the  total  system  acquisition  effort  can  be  accomplished  during 
contract  definition  is  equally  false.  Only  gross  pricing  tech- 
niques such  as  parametric  pricing  are  likely  to  provide  fore- 
casts of  ultimate  costs  of  weapon  systems  (2,  p.  2). 

The  Army  has  exhibited  a growing  concern  regarding  its  capability  to  de- 
velop credibile  weapon  system  cost  and  schedule  estimates  and  to  assess  re- 
search and  development  program  risks.  Cost  analysis  capabilities  were 
established  at  all  Army  Materiel  Development  and  Readiness  Command  ( DARCCW ) 

Major  Subordinate  Commands  in  the  late  1960's.  In  the  early  1970's  a series 
of  courses'!  were  developed  to  improve  the  capability  of  Army  personnel  in  , j 

both  cost  analysis  and  risk  analysis.  A general  methodology  was  developed  ] 

to  assess  weapon  system  development  program  risks. 

II.  WEAPON  SYSTOI  DEVELOPMENT  PROGRAM  RISK  ANALYSIS  METHODOLOGY 
Background 

Many  approaches  have  been  explored  to  provide  government  and  industry 
program  managers  with  information  that  will  enable  them  to  program  and  man- 
age costs  effectively.  However*  in  the  past  these  tools  have  not  adequately 
addressed  the  uncertainty  associated  with  program  cost*  schedule*  and  per- 
formance estimates.  The  approach  for  handling  uncertainty,  that  has  gained 
considerable  impetus  in  the  Department  of  Army*  is  risk  analysis/decision 
risk  analysis.  A discussion  of  weapon  systems  development  program  tech- 
nical uncertainties  will  be  followed  with  definitions  of  risk  analysis  and 
decision  risk  analysis. 

In  testimony  to  Congress  (19,  p.  2496-249?) » Dr.  M.  B.  T.  George, 

Vice  President,  AVCO  Corporation,  examined  technical  uncertainty  by  parti- 
tioning states  of  knowledge  into  three  classes  - knowns*  known-unknowns* 
and  unknown-unknowns.  The  definitions  and  examples  of  these  terms  are 
shown  below: 

e Knowns  - Things  believed  known  and  already  resolved. 

• Known-Unknowns  (UNKS)  - Things  which  are  known  to  need  resolution. 

For  items  in  this  olass  it  is  possible  to 
estimate  the  effort  required  to  resolve 
these  into  knowns. 

• Unknown-Unknowns  (UNK-UNKS)  - Things  which  need  resolution  but 

which  are  unanticipated.  By  defi- 
nition it  is  impossible  to  predict 
specific  UNK-UNKS. 

Examples  of  each  of  the  classes  of  uncertainty  are: 

Known-Unknowns  - An  example  of  this  would  be  the  design  and  fabri- 
cation of  a new  airplane  wing  built  along  conven- 
tional lines. 

Unknown-Unknowns  - An  example  is  catastrophic  instability  of  early 
large  liquid-fueled  rockets.  This  was  caused  by 


The  oourses  are  Cost  Analysis  for  Decision  Making,  Cost  Estim- 
ating for  Qigineors,  and  Decision  Risk  Analysis.  They  are  taught  at  the 
Army  Logistics  Management  Center,  Fort  Lee*  Virginia. 
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fuel  sloshing.  No  one  anticipated  this  problem, 
because  such  rockets  had  not  been  flown  before. 

Figure  1 illustrates  the  changes  in  states  of  knowledge  over  the  life 
cycle  of  a new  program.  If  you  Investigate  a time  slice  during  the  concep- 
tual phase,  there  are  relatively  few  known  quantities,  there  are  a lot  of 
known-unknowns  for  which  resources  can  be  programmed}  and  there  is  a sig- 
nificant potential  for  unknown-unknowns  as  one  would  expect  in  this  early 
phase  of  the  life  cycle.  If  you  investigate  a time  slice  late  in  full  scale 
development,  the  knowns  have  increased  significantly  as  a result  of  exten- 
sive design  effort  and  engineering  testing;  the  knowrwinknowns  are  reduced 
and  the  UNK-UNKS  are  reduced.  But,  there  is  still  some  finite  potential 
for  unexpected  problems  (UNK-UNKS). 

Risk  Analysis  concerns  itself  with  the  modeling  of  the  problem  areas 
of  cost  growth,  schedule  slippage,  and  performance  degradation  which  are 
caused  to  a great  extent  by  these  uncertainties  inherent  to  a new  weapon 
system  acquisition  program.  The  Army  defines  risk  analysis  (18)  as  a 
scientific  approach  involving  the  use  of  a large  number  of  qualitative  and 
quantitative  techniques  for  analysing  and  measuring  the  uncertainty  asso- 
ciated with  the  cost,  schedule,  or  performance  goals  of  a system.  Stated 
more  simply  by  Webster,  risk  is  the  chance  or  danger  of  loss.  Where  there 
is  uncertainty  there  is  risk,  and  risk  analysis  is  an  attempt  to  quantify 
this  uncertainty.  Decision  risk  analysis  (DRA)  is  closely  related.  Where- 
as a risk  analysis  attempts  to  quantify  cost,  schedule,  and  performance 
uncertainty  associated  with  a specific  pi'ogram  approach,  a DRA  considers 
alternative  program  approaches.  Specifically,  a decision  risk  analysis  is 
the  discipline  of  systems  analysis,  which  in  a structured  manner,  provides 
a meaningful  measure  of  the  risks  associated  vith  various  alternatives,  as 
presented  to  decision  makers  (28).  As  a minimum,  a DRA  must  contain: 

• A well  defined  problem. 

• Alternative  courses  of  action. 

• An  attempt  to  quantify  the  cost,  schedule,  and  performance  un- 
certainty associated  with  these  alternatives. 

• A clear,  concise  presentation  to  a decision  maker  highlighting 
the  events  to  which  the  outcome  of  each  alternative  is  sensitive. 

A flow  diagram  for  a decision  risk  analysis  is  shown  in  figure  2. 

The  main  point  which  can  be  drawn  from  this  figure  is  that  the  Army  per- 
forms a weapon  systems  analysis,  with  the  added  feature  of  emphasizing 
uncertainty. 

Modeling  Approach 

The  most  common  Army  modeling  approach  for  cost  and  schedule  DRA’s 
is  probabilistic  network  analysis.  Many  Army  analysts  use  a program  en- 
titled Risk  Information  System  for  Cost  (and  schedule)  Analysis  or  RISCA 
(18).  RISCA  provides,  as  part  of  the  output,  a measure  of  cost  and 
schedule  uncertainty.  This  data,  and  its  analysis  is  a subsequent  part 
of  any  DRA. 

To  perform  an  analysis  of  a program  using  a RISCA  approach,  the  an- 
alyst must  first  obtain  from  the  system  program  manager  and  his  represen- 
tatives a PERT-type  program  layout— program  activities  and  milestones  with 
complete  definition  of  interrelationships  of  activities.  The  program  lay- 
out is  then  converted  to  a network  utilizing  RISCA  modeling  logic.  It  will 
be  easier  to  .iscuss  RISCA  by  discussing  some  of  the  drawbacks  of  PERT. 

Then  the  RISCA  capability  will  be  discussed  in  detail. 

The  typical  PERT  analysis  assumes  that  the  project  will  be  completed 
and  makes  no  provision  for  aborting  the  program.  PERT  uses  "and  gates" 
only  and  does  not  provide  for  situations  where  there  may  be  many  approaches 
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leading  to  the  realization  of  an  event.  The  typical  R&D  program  often  de- 
mands that  a manager  allow  for  more  than  one  approach.  Some  basic  limi- 
tations to  PERT  include  the  following: 

1.  All  activities  must  be  completed  in  order  for  the  project  to  be 
completed  (branching  from  a milestone  or  node,  is  "deterministic”  - it 
must  take  place). 

2.  All  activities  must  be  completed  before  the  event  can  be  realized. 

3.  The  distribution  of  activity  times  is  usually  limited  to  the  Beta 
distribution. 

4.  There  is  only  one  terminal  event  representing  completion  of  the 
project. 

5.  The  critical  path  is  always  a path  with  the  longest  expected 
elapsed  time  (sum  of  mean  activity  times),  even  though  variance  about  those 
mean  times  does  exist. 

As  previously  discussed,  RI3CA  is  somewhat  similar  to  PERT  in  that  it 
consists  of  events  (milestones)  and  activities  to  form  a network.  However, 
it  possesses  none  of  the  preceding  limitations  of  PERT.  In  RISCA  an  acti- 
vity has  associated  with  it  a probability  that  the  activity  can  be  accom- 
plished. The  probability  may  range  from  zero  to  one.  If  the  probability 
is  one  (a  deterministic  activity),  it  is  analogous  to  PERT,  and  the  acti- 
vity must  be  accomplished.  If  the  probability  of  an  activity  being  accom- 
plished is  less  than  one,  the  activity  is  termed  probabilistic  or  stochastic. 

RISCA  also  provides  for  both  deterministic  and  probabilistic  branching 
from  nodes  (program  milestones).  If  branching  is  deterministic,  all  branches 
emanating  from  the  node  are  taken  if  that  node  is  activated.  If  branching 
is  probabilistic,  only  one  branch  emanating  from  the  node  is  taken  if  that 
node  is  activated.  Each  branch  (activity)  has  a probability  of  occurrence 
associated  with  it.  Of  course,  the  sum  of  probabilities  associated  with 
activities  branching  from  a probabilistic  node  must  be  one  (1.0). 

In  general,  a network  using  RISCA  logic  is  tailored  to  the  develop- 
ment program  under  analysis.  The  data  is  fed  into  the  computer  which  runs 
1000  iterations  (more  if  statistical  accuracy  requires  it)  using  Monte  Carlo 
simulation  methods.  Output  statistics  are  computed  for  each  teiminal  node 
and  also  are  combined  into  total  output  statistics  covering  all  terminal 
nodes.  The  process  is  shown  graphically  in  figure  3*  Inputs  for  acti- 
vities with  uncertainty  (shown  as  input  distributions)  are  fed  into  the 
RISCA  model.  As  part  of  the  output  you  obtain  distributions  of  total  sys- 
tem cost  and  total  system  schedule  (figure  3).  From  these  you  can  obtain 
an  indication  of  the  uncertainty  or  risk  associated  with  meeting  program 
cost  and  schedule  constraints.  Figure  4 shows  hypothetical  constraints. 

Based  on  the  cost  distribution,  the  program  has  a thirty  percent  chance,  or 
risk,  of  exceeding  its  target  cost.  Similarly,  there  is  a seventy-five 
percent  risk  associated  with  meeting  the  schedule  constraint.  Other  use- 
ful information  can  be  obtained  from  other  features  of  the  output  data. 

This  information  and  the  RISCA  networking  logic  will  be  demonstrated  in  a 
weapon  system  risk  analysis  modeling  application  outlined  below. 

III.  WEAPON  SYSTEM  RISK  ANALYSIS  MODELING  APPLICATION 
Background 

The  following  application  has  been  adapted  from  an  actual  DRA  con- 
ducted by  the  Army  Mobility  Research  and  Development  Center  at  Fort  Bel- 
voir,  Virginia  (18).  The  weapon  system  development  program  was  an  Armored 
Vehicle  Launch  Bridge  (AVLB).  Though  the  circumstances  described  and  data 
given  in  this  DRA  application  are  not  necessarily  those  actually  encoun- 
tered, the  study  illustrates  the  need  for  DRA  data  to  enhance  the  program 

manager's  decision  making  capability. 

\ 
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A previous  study  had  established  that  for  the  time  frame  197 9-8% 
the  best  system  to  enable  assault  vehicles  to  cross  gaps  up  to  90  feet  in 
width  would  be  a vehicle  launched  bridge.  Since  currently  the  only  AVLB  in 
the  Army  is  60  feet  long,  the  risk  analysis  team  was  asked  to  evaluate  sev- 
eral alternate  proposals  and  project  stagings  for  a 90  foot  bridge.  All 
bridge  designs  are  based  on  use  of  three  approximately  30  foot  sections, 
constructed  of  a high  strength  aluminum;  this  material  being  required  to 
satisfy  weight  and  overturning  moment  constraints. 

The  team  was  immediately  confronted  with  the  problem  of  recommending 
the  method  of  fabrication  of  this  bridge.  Most  of  the  members  agreed  that 
from  the  standpoint  of  both  coot  and  time,  a welded  design  would  be  pre- 
ferred. However,  a vocal  minority  of  the  team  strongly  pointed  out  that 
welding  of  high  strength  aluminum  was  more  art  than  science  and  high 
strength  results  could  not  be  guaranteed.  They  further  stated  that  even  if 
successful  welded  prototypes  could  be  achieved,  there  remained  the  problem 
of  field  repair;  could  troops  in  the  field  satisfactorily  re-weld  a bridge 
put  out  of  commission?  They  suggested  that  the  welded  idea  be  abandoned 
for  a 100%  reliable  (but  more  costly) riveted  design. 

Much  information  seeking  was  then  undertaken  in  an  attempt  to  narrow 
the  areas  of  contention.  Based  on  results  of  these  investigations,  it  was 
finally  agreed  that  there  was  a reasonable  chance  of  successjAilly  develop- 
ing a high  strength  welded  design.  However,  controversy  then  developed 
over  the  relative  cost,  time,  and  performance  of  the  two  designs.  After 
more  discussion,  the  risk  team,  with  input  from  the  program  manager,  de- 
veloped four  alternative  program  strategies  to  resolve  the  questions. 

(Note:  It  was  evident  to  the  team  that  should  the  welded  construction  pass 
preliminary  testing,  it  would  then  be  a virtual  certainty  that  the  welded 
design  would  be  accepted,  with  time  to  acceptance  being  the  unknown  quan- 
tity. It  was  for  this  reason  that  the  trial  networks  were  first  drawn  out 
only  as  far  as  the  Test  and  Evaluation  Command  (TEC0M)  prototype  testing.) 
The  four  alternative  program  strategies  are  described  below. 

Program  Alternatives 

1.  For  the  welded  construction,  the  first  step  is  the  following: 
awarding  the  design  contract,  prototype  fabrication,  and  preliminary  test- 
ing. Now,  should  the  tests  be  positive,  further  work  is  done  on  the  welded 
construction.  More  prototypes  of  the  welded  version  are  required  before 
TEC0M  begins  to  test  them. 

If  preliminary  testing  proves  unsuccessful,  a riveted  design  will  be 
employed.  Again,  starting  at  this  time,  the  steps  of  design  contract 
award,  Prototype  fabrication,  and  preliminary  testing  of  the  riveted  de- 
sign take  place.  Should  the  testing  be  successful  (it  is  anticipated 
that  the  riveted  design  would  present  fewer  tochnical  problems  than  the 
welded),  additional  prototypes  of  this  version  will  be  necessary  for  TEC0M 
test. 

2.  In  this  configuration,  both  designs  are  developed  simultaneously. 
The  first  design  to  successfully  complete  preliminary  testing  is  chosen. 

The  other  is  abandoned. 

3.  This  is  similar  to  alternative  2 except  the  welded  design  is  pre- 
ferred. Though  both  designs  are  developed  simultaneously,  only  in  the  case 
that  the  welded  alternate  fails  preliminary  testing  will  there  be  any  fur- 
ther activity  on  the  riveted  design  (This  means  that  should  the  riveted 
design  pass  preliminary  testing  before  this  phase  is  completed  for  the 
welded  design,  all  work  on  the  riveted  design  is  suspended  pending  results 
on  the  welded  design,  regardless  of  the  delay.) 

4.  Similar  to  alternative  1 with  the  exception  that  a feasibility 
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study  on  welded  construction  must  be  conducted  and  succesafully  completed 
before  the  procedure  described  in  alternative  1 is  undertaken. 

Should  the  results  of  the  feasibility  study  be  negative,  work  is  in- 
itiated on  a riveted  design  with  requirements  identical  to  that  described 
in  alternative  1. 

In  summary,  the  four  alternatives  to  be  analyzed  are: 

• Sequential  development. 

• Parallel  development. 

• Parallel  development  with  the  weld  approach  preferred. 

• Feasibility  study  on  welded  construction  followed  by  sequential 
development. 

Methodology  and  Data 

The  risk  data  (probability  of  completing  an  activity,  activity  time 
distributions,  etc.)  for  AVLB  activities  were  collected  and  are  summarized 
in  Table  1 . The  four  alternative  program  strategies  were  networked  using 
RISCA  logic  (figures  5,  6,  7»  and  0).  A brief  discussion  of  the  network 
for  alternative  1 (figure  5)  follows. 

The  program  is  initiated  (NODE  1).  ARC  1 represents  the  activity 
"Welded  construction  contract  award,  prototype  fabrication,  and  prelimi- 
nary testing."  Note  that  the  data  for  .ARC  1 come  from  the  risk  data  summar- 
ized in  Table  1.  Let's  examine  the  data  on  ARC  1.  The  time  distribution 
for  the  activity  is  triangular  with  parameters  &-20-34  (B  months  optimistic, 
20  months  most  likely,  and  34  months  worst  case).  The  cost  function  for 
the  activity  (in  thousands  of  dollars)  is 

Cost  = 310  + 15  t 

The  "310"  represents  $310,000  of  fixed  costs.  The  "15t"  represents 
$15,000  per  month  of  time-variable  costs.  The  value  for  "t",  that  is  in- 
put into  the  cost  equation,  is  obtained  by  sampling  a time  value  from  the 
time  distribution  (0-20-34;. 

For  example,  if  on  the  first  iteration  of  the  computer  simulation  a 
value  of  ten  months  is  sampled  for  "t",  then  the  cost  to  accomplish  the 
first  activity  (ARC  1)  is 

Cost  = 310  + 15  (10) 

=*  310  + 150 

s $460  thousand  dollars 

for  that  iteration.  The  process,  of  course,  continues  for  1000  iterations, 
and  the  computer  stores  the  time  and  cost  values  obtained  for  each  iter- 
ation. These  values  are  combined  with  costs  and  times  of  the  other  acti- 
vities. When  grouped  and  printed  out,  they  form  the  total  cost  and  total 
schedule  distributions  discussed  in  connection  with  figures  3 and  4. 

The  last  piece  of  information  on  ARC  1 is  the  probability  of  activity 
success  (0.75) • This,  like  the  time  distribution  and  cost  function,  is  a 
subjective  estimate. 

If  ARC  1 is  successfully  completed,  the  program  proceeds  to  ARC  2 
and  ARC  3 and  terminates  in  NODE  4.  Hence,  NODE  4 represents  successful 
completion  of  a welded  design.  However,  if  the  first  weld  activity  (ARC 
1)  is  unsuccessful  (0.25  chance  of  occurrence),  the  program  proceeds  to 
ARC  4 representing  the  activity  "riveted  construction  award,  prototype 
fabrication  and  preliminary  testing."  If  ARC  4 is  successfully  completed, 
the  program  proceeds  to  ARCs  5 and  6 and  terminates  in  NODE  7.  Hence, 

NODE  7 represents  successful  completion  of  a riveted  design.  However,  if 
ARC  4 i8  unsuccessful  (0.10  chance  of  occurrence),  the  program  proceeds 
to  ARC  7 (a  dummy  activity)  and  terminates  in  NODE  8.  Hence  NODE  8 repre- 
sents program  failure.  The  networks  for  the  other  alternatives  can  be 
analyzed  similarly. 
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TABLE  1 


DATA  FOR  RIVET  AND  WELD  ACTIVITIES 


Probability  of 
Success  in  Acti- 
vity if  Feasibi- 
lity Study  is  Probability  of 

Conducted  Success  in  Time 


Activity  (Alternative  4) 

Activity 

(Months) 

Cost 

Welded  construction 
contract  award,  pro- 
totype fabrication, 
and  preliminary 
testing 

.966 

0.75 

8-20-34 

310+1 5t 

Additional  welded 
prototype  construc- 
tion 

1.0 

1.0 

9-11-13 

490+1 5t 

TECCM  tests  welded 
prototypes 

1.0 

1.0 

9-15-27 

0+1 5t 

Riveted  construction 
contract  award,  pro-  0.9 
totype  fabrication, 
and  preliminary  testing 

0.9 

21-33-47 

445+1 5t 

Additional  riveted 
prototype  construc- 
tion 

1.0 

1.0 

9-11-13 

575+1 5t 

TECOM  tests  riveted 
prototypes 

1.0 

1.0 

9-15-27 

0+1 5t 

Feasibility  study 
of  welding 

0.7375 

N/A 

2-3-4 

0+25t 
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In  Table  2,  data  are  summarized  for  each  alternative.  The  data  pre- 
sented are  taken  from  the  computer  summary  of  data  for  all  terminal  nodes. 
For  example,  an  alternative  1 cost  data  from  NODEs  4,  7 and  8 are  summed 
together  to  form  an  overall  cost  distribution  for  alternative  1.  Schedule 
data  from  NODEs  4,  7 and  8 are  similarly  combined  into  an  overall  schedule 
{time;  distribution.  The  distribution  data,  presented  in  Table  2 for  each 
alternative,  are  summary  data  from  "all  NODEs"  for  that  alternative. 
Analysis  of  the  Data 

The  first  column  in  Table  2 lists  the  four  alternatives.  In  the 
second  column,^  , the  expected  value  or  mean  time  (in  months)  to  complete 
the  alternative  is  listed.  The  standard  deviation,  0”  « of  the  time  to 
completion  is  listed  in  the  third  column.  The  fourth  column  indicates  the 
8Sth  percentile  (15%  risk)  of  time  to  complete  the  project.  For  example, 
for  alternative  1 the  expected  completion  time  is  56.3  months.  Eighty-five 
percent  of  the  time  the  project  can  be  completed  by  75  months.  In  other 
words,  there  is  a 15%  risk  that  the  project  could  take  longer  than  75 
months  if  the  program  strategy  outlined  in  alternative  1 is  followed.  The 
cost  data  are  summarized  in  the  same  way.  The  additional  summary  data 
provided  are  in  the  last  two  columns  of  Table  2 — P(w)  and  P(R).  P(W)  in- 
dicates the  probability  of  having  a successful  welded  design  configuration 
for  a given  alternative.  P(R)  indicates  the  probability  of  having  a 
successful  riveted  design  configuration.  If  you  add  p(w)  to  p(r)  for  a 
specific  alternative  arid  subtract  from  one  (1.),  you  nave  the  probability 
of  program  failure  for  that  particular  program  strategy.  For  the  four  A VLB 
alternatives,  probability  of  program  failure  is  not  a discriminating  factor 
since  all  four  alternatives  have  a low  probability  of  failure  0.04). 

Let’s  compare  schedule  aspects  of  the  four  alternatives  using  data 
from  Table  2.  The  expected  time  for  alternatives  2 and  3 is  50.9  and 
51.8  months  respectively.  When  we  consider  the  subjective  nature  of  the 
input  data,  these  values  should  be  considered  equivalent.  Next,  we  look 
at  the  15%  risk  (85th  percentile)  point  (58  and  SO  months).  Again,  the 
values  are  approximately  equal.  Expected  completion  time  for  alternatives 
l and  4 {56.3  and  54.9  respectively)  are  greater  than  alternatives  2 and 
3;  but  the  manager  would  be  pressed  to  say  that  they  were  significantly 
different  Irom  each  other.  However,  if  the  manager  examines  the  15%  risk 
point,  alternative  4 is  definitely  superior  to  alternative  1 (62  months 
versus  75  months).  Hence  on  a schedule  basis,  tne  ranking  order  for  the 
alternatives  is  2 and  3 (tied),  followed  by  alternative  4,  and  then 
alternative  1. 

Examining  cost,  the  program  strategy  for  alternatives  1 and  4 is 
superior  to  alternatives  2 and  3«  and  alternatives  1 and  4 are  virtually 
equivalent  at  the  expected  value.  However,  at  the  85th  percentile  the 
data  indicates  that  the  alternative  4 program  strategy  is  definitely 
superior  to  alternative  1 (by  nearly  $500,000).  Program  alternatives  2 
and  3 are  essentially  equivalent  in  cost  at  both  the  expected  value  and 
15%  risk  point;  hence,  the  manager  would  not  be  able  to  discriminate  on 
the  basis  of  cost  for  those  two  alternatives.  Hence,  on  a cost  basis  the 
ranking  order  for  alternatives  is  alternative  4,  followed  by  alternative 
1,  and  then  alternatives  2,  and  3 (tied). 

Looking  at  both  cost  and  schedule,  we  see  no  surprises.  The  two 
parallel  development  program  strategies  (alternatives  2 and  3)  are  faster 
but  more  expensive.  Conversely  the  two  sequential  program  strategies 
(alternatives  1 and  4)  take  longer  but  are  less  costly.  The  manager  knows 
these  facts  without  a decision  risk  analysis;  however,  with  a DRA  he  has 
the  data  necessary  to  make  cost  versus  time  trade  offs.  For  example,  when 
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we  examine  expected  cost  and  expected  time  values  for  alternatives  2 and 
4»  is  it  worth  376%000  to  save  four  months  on  the  total  program?  If  we 
have  a hot  item  for  a Middle  Hast  conflict,  maybe  it  is.  A DRA  puts  the 
manager  in  a posture  to  make  this  type  of  comparison  and  evaluation  of 
cost  and  schedule  for  all  alternatives  under  consideration. 

IV.  SUMMARY 

Decision  risk  analysis,  as  currently  used  in  the  Army,  is  a tool 
for  management  which,  if  properly  used,  can  be  an  invaluable  aid  for 
decision  making.  DRA  encompasses  a large  number  of  techniques,  quali- 
tative and  quantitative,  which  in  themselves  are  not  new.  Quade  and 
Boucher  (14,  p.  2)  in  1968  defined  systems  analysis  in  terms  that  are 
equally  appropriate  for  Amy  DRA's.  Their  definition  is: 

A systematic  approach  to  helping  a decision  maker  choose  a 
course  of  action  by  investigating  his  full  problem,  search- 
ing out  objectives  and  alternatives,  and  comparing  them  in 
the  light  of  their  consequences,  using  appropriate  frame- 
work - in  so  far  as  possible  analytic  - to  bring  expert 
judgement  and  intuition  to  bear  on  the  problem. 

Raiffa  (15)  makes  the  observation  that  the  creative  stage  in  an 
analysis  may  be  the  stage  in  which  the  decision  maker  decides  he  has 
a problem  and  decides  to  consider  it  in  earnest.  He  further  states  that 
in  complicated  problems,  the  mathematical  part  of  the  analysis  is  not 
necessarily  the  most  intellectually  challenging  or  important  part.  Army 
managers  can  relate  to  the  significance  of  Raiffa' s observations,  and 
they  realize  that  decision  risk  analysis  is  not  a panacea  for  all  problems 
associated  with  new  development  programs.  However,  it  is  an  important 
methodology  that  can  provide  better  information  than  has  typically  been 
available  to  the  decision  maker.  If  understood  and  used  correctly,  cost 
and  schedule  risk  analysis  modeling  can  continue  to  improve  Army  manage- 
ment decision  making  on  weapon  system  acquisition  programs. 
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A Study  of  Potential  Savings  from  NAU)  Standardization 
AUTHOR:  Mr.  tarl  Williamson 

ABSTRACT : Although  greater  economies  of  scale  in  weapons  produc- 
tion are  recognized  as  one  of  the  advantages  of  NATO  standardiza- 
tion, few  efforts  have  been  made  to  quantify  the  magnitude  of 
these  savings.  In  this  paper,  r st  quantity  relations  of  the 
“learning  curve"  type  are  applied  to  the  three  most  pervasive  land 
combat  systems:  tanks,  personnel  carriers,  and  self-propelled 
artillery.  Application  of  an  assumed  generic  type  learning  curve 
to  quantities  implied  by  a NATO  standard  procurement  yields  an 
index  of  potential  savings  when  compared  with  the  cost  of  a series 
of  national-size  buys. 

Learning  is  assumed  to  be  90  percent,  and  first  unit  costs  are 
drawn  from  US  procurement  experience.  The  cost  of  redundant  RAO 
efforts  is  also  estimated  based  on  US  experience.  All  national 
RAO  efforts  except  one  for  the  same  type  system  are  assumed  redun- 
dant. 

Procurement  savings  are  applied  to  the  portion  of  battalion 
operating  cost  which  is  replacement  parts  and  assemblies  to  yield 
annual  operating  cost  savings. 
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SUBJECT:  A Study  of  Potential  Savings  from  NATO  Standardization 

AUTHOR:  Mr.  Earl  Williamson 

AGENCY:  USA  Concepts  Analysis  Agency 

I.  Introduction 

A.  It  is  generally  conceded  that  standardization  of  NATO  weapons 
would  lead  to  significant  savings  in  equipment  acquisition  through  avoid- 
ance of  duplicate  development  and  through  economies  of  scale  from  larger 
production  quantities.  No  studies  have  been  performed  which  estimated 
these  savings  without  directly  resorting  to  judgemental  factors. 

B.  In  Man.li  1977  Concepts  Analysis  Agency  (CAA)  undertook  to  estimate 
the  potential  magnitude  of  such  savings  to  accompany  a study  of  the  ef- 
fects of  NATO  standardization  on  battle  outcome.  Since  the  time  avail- 
able precluded  the  collection  of  actual  data  on  the  cost  of  foreign  wea- 
pon systems,  it  was  decided  to  use  an  abstract  methodology  which  would 
analyze  the  effect  of  NATO-wide  quantities  on  a simple  learning  curve 
model . 

I I . Methodology 

A.  General . The  general  methodology  of  the  study  is  to  select  sev- 
eral types  of  systems  and  to  estimate  the  potential  savings  which  NATO 
standardization  could  achieve  based  on  elimination  of  duplication  in  RAD 
and  on  consolidation  of  production.  The  estimates  are  based  on  a logical 
extension  of  a general  cost-quantity  function  assumed  to  exist  for  each 
system. 


B.  Systems  Selection.  Three  types  of  systems  were  selected  for 
analysis:  tanks,  personnel  carriers,  and  medium  self-propelled  ar- 
tillery. These  three  systems  represent  20%  of  the  asset  value  of  all 
comoat  equipment  and  theater  support  equipment,  based  on  data  collected 
for  the  TRANSFORM  study.*  These  items  were  selected  because  they  repre- 
sent the  major  land  combat  systems  in  terms  of  value  and  because  at  least 
four  NATO  nations  have  the  capability  to  develop  and  produce  these  sys- 
tems. Items  such  as  high-altitude  air  defense  missiles,  attack  heli- 
copters, and  air  defense  radar  were  excluded  because  of  a substantial  US 
technology  advantage.  Items  such  as  small  arms,  trucks,  and  ammunition 
were  excluded  because  they  are  produced  by  several  nations  in  sufficient 
quantities  that  gains  from  consolidating  all  NATO  procurement  are  not  as 
certain. 

C.  RAD.  Savings  in  RAD  are  estimated  as  the  cost  of  redundant  devel- 
opment efforts  within  each  system  category.  RAO  costs  for  a system  are 
assumed  equal  to  the  latest  US  effort. 


*(S)  Trade-Off  Analysis  System/Force  Mix  (TRANSFORM)  (U),  CAA-SR-77-4, 
15  Aug  1977. 
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D.  Procurement  Costs.  Procurement  savings  are  estimated  as  the  dif- 
ference between  the  cost  of  manufacturing  each  nation's  quantity  of  sys- 
tems, derived  through  separate  cost-quantity  functions,  and  the  cost  of 
manufacturing  the  corresponding  cumulative  quantity  of  systems,  repre- 
sented as  a single  cost-quanti ty  function  for  complete  standardization, 
or  two  functions  for  co-production.  A generic  cost-quantity  function 
which  assumes  90%  learning  is  used  for  each  type  of  system. 

E.  Operating  Costs.  Only  those  operating  cost  savings  attributable 
to  reduced  spare  parts  costs  from  larger  scale  production  are  included  as 
operating  savings  in  this  study.  These  savings  were  based  on  extension 
of  procurement  cost  savings  to  the  estimated  annual  recurring  costs  for 
major  equipment  and  repair  parts  in  the  Army  Force  Planning  Cost  Hand- 
book.** 

III.  RAD  Savings.  For  the  three  systems  studied  total  estimated  poten- 
tial R&D  savings  are  slightly  over  $2  billion.  One  obstacle  to  achieve- 
ment of  these  savings  is  the  different  obsolescence  cycles  of  the  US  and 
Europe.  These  savings  are  detailed  below. 

A.  Tanks.  During  the  early  19bUs  the  AMX-JU,  Chieftain,  and  Leopard 
were  all  developed  nearly  simultaneously.  Estimating  a tank  development 
effort  at  $bOU  million,  at  least  $1  billion  was  redundant  to  France, 
Britain,  and  the  FRG,  to  say  nothing  of  the  US  efforts  which  are  on  a 
different  cycle.  Had  France,  Britain,  and  the  FRG  used  the  M-bO  until  a 
combined  effort  in  the  mid-1970s  could  develop  a single  tank,  then  $1.5 
billion  might  have  been  saved. 

B.  Personnel  Carriers.  During  the  period  19S5  to  I960  NATO  will  have 
developed  six  full-tracked  armored  personnel  carriers.  At  least  two  ef- 
forts would  have  been  necessary  due  to  the  25  year  period  under  consid- 
eration. Estimating  an  armored  personnel  carrier  program  to  be  $150  mil- 
lion, and  assuming  four  of  these  efforts  could  have  been  avoided  through 
standardization,  $0.6  billion  might  have  been  saved. 

C.  Self-Propelled  Howitzers.  The  only  redundant  R&D  effort  in  medium 
self-propelled  howitzers  was  the  French  F-3,  which  probably  cost  less 
than  $50  million.  The  British  Abbot  was  redundant  to  the  US  M108  105mm 
(light  howitzer),  but  it  is  difficult  to  say  that  the  M109  could  be  sub- 
stituted for  the  Abbot  because  of  the  British  choice  of  a mix  of  self- 
propelled  light  and  medium  howitzers. 

IV.  Procurement  Savings.  Maximum  potential  procurement  savings  from 
standardization,  for  the  three  items  studied,  which  represent  20%  of  the 
value  of  theater  level  equipment,  are  $1-1/2  billion.  These  savings  are 
detailed  below. 


♦♦Published  annually  by  the  Office  of  the  Comptroller  of  the  Army. 


A.  Tanks.  During  the  period  1960-1980,  NATO  will  have  produced  over 
10,000  main  battle  tanks.  The  total  cost  of  separate  production  runs  is 
estimated  at  $4.4  billion  using  a generic  cost-quantity  function  of: 

Cost  = $1.20  million  x (quantity)*5;  where  b is  the  coefficient  of  90% 
learning.  A single  production  run  evaluated  on  this  same  cost-quantity 
function  would  have  cost  $3.5  billion,  indicating  savings  of  $0.9  billion 
(20%).  Savings  from  co-production  would  be  $0.5  billion. 

B.  Personnel  Carriers.  During  the  period  1960-1980  NATO  will  have 
produced  over  16,000  full  tracked  personnel  carriers.  The  total  cost  of 
separate  production  runs  is  estimated  at  $1.6  billion  using  a generic 
cost-quantity  function  of:  Cost  = $0.3  million  x quantity6;  where  b is 
the  coefficient  of  90%  learning.  A single  production  run  evaluated  on 
this  same  cost  quantity  function  would  have  cost  $1.3  billion,  indicating 
savings  of  $0.3  billion  (19%).  Savings  from  co-production  would  be  $0.2 
billion. 

C.  Medium  Self-Propelled  Howitzers.  Nearly  complete  standardization 
was  achieved  by  NATO  in  medium  self-propelled  howitzers  except  for  the 
French  F-3.  All  other  nations  utilize  the  US  M109/M109A1.  Had  Britain 
and  Germany  produced  their  own  weapon  for  their  national  requirements, 
the  total  cost  of  the  separate  production  runs  would  have  been  $0.96  bil- 
lion, based  on  a generic  cost-quantity  function  of:  Cost  = $1.3  million 
x quantity6;  where  b is  the  coefficient  of  90%  learning.  A single  pro- 
duction run  evaluated  on  this  same  cost  quantity  function  would  have  cost 
$0.80  billion,  indicating  savings  of  $0.16  billion  (17%).  Savings  from 
co-production  would  be  $0.07  billion  which  approximates  the  savings  actu- 
ally achieved  in  this  system. 

V.  Operating  Cost.  The  savings  which  would  accrue  to  each  US  tank  bat- 
talion, mechanized  infantry  battalion,  and  field  artillery  battalion  were 
estimated  by  taking  the  percentage  savings,  obtained  in  the  discussion  of 
procurement  savings  above,  and  applying  this  percentage  to  the  annual 
cost  of  replacement  equipment,  repair  parts,  and  Program  7 and  8 OMA  sup- 
port and  MOS  training  costs  for  each  type  US  battalion.  These  costs  were 
obtained  from  the  Army  Force  Planning  Cost  Handbook,  June  1975.  The  sav- 
ings per  battalion  per  year  are  then  extended  to  the  apparent  number  of 
battalions  in  NATO.  Potential  NATO  operating  savings  are  about  $270  mil- 
1 ion  per  year. 

A.  Tanks.  Recurring  procurement  of  major  equipment  and  repair  parts 
for  a US  tank  battalion  in  Europe  is  $3.2  million  per  year.  If  20%  sav- 
ings could  be  realized  from  consolidation  of  procurement,  then  $0.64  mil- 
lion could  be  saved  annually  in  each  battalion.  Assuming  150  tank  bat- 
talions in  NATO,  total  savings  would  be  $96  million  per  year. 

B.  Armored  Personnel  Carriers.  Recurring  procurement  of  major  equip- 
ment and  repair  parts  for  a US  mechanized  infantry  battalion  in  Europe  is 
$0.6  million  per  year.  If  19%  savings  could  be  realized  from  consolida- 
tion of  procurement,  then  $0.11  million  could  be  saved  annually  in  each 
battalion.  Assuming  175  mechanized  infantry  battalions  in  NATO,  total 
savings  would  be  $20  million  per  year. 
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TITLE:  Applicability  of  Zero  Base  Budgeting  to  Army  R&D 

Laboratories 
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Atmospheric  Sciences  Laboratory,  USAERADCOM 

ABSTRACT : Zero  Base  Budgeting  is  part  of  the  future  in  the 

federal  government  and  it  is  important  to  understand  what  it 
purports  to  do  and  how  this  is  achieved.  ZBB  is  applied  to 
overhead  costs  in  the  private  sector  and  to  programs  providing 
public  services  at  all  levels  of  government.  But  can  it  contri- 
bute in  defense  R&D  which  has  already  received  substantial 
attention  in  terms  of  the  resource  allocation  problem?  The 
paper  describes  a bottom-up  approach  to  applying  ZBB  at  the  work 
unit  level.  The  emphasis  is  on  ZBB  as  a marginal  analysis 
budget  tool  using  the  decision  package  as  the  decision  maker's 
instrument  for  working  the  benefit-cost  calculus.  The  relation- 
ships between  decision  packages,  work  units  and  projects  are 
described  and  a model  for  project  prioritization  is  given.  The 
application  of  this  model  to  the  FY-78  program  in  the  authors' 
laboratory  demonstrates  that  the  application  of  all  the  essential 
elements  of  ZBB  is  necessary  to  optimize  the  benefit  of  the  labora- 
tory program. 
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APPLICABILITY  OF  ZERO  BASE  BUDGETING  TO  ARMY  R&D  LABORATORIES 
DR.  HOWARD  HOLT  AND  DR.  BERNARD  ENGEBOS 
ATMOSPHERIC  SCIENCES  LABORATORY,  USAERADCOM 


INTRODUCTION 

Recent  budget  pressures  have  forced  defense  laboratories  to 
adopt  more  stringent  control  of  budgets  and  to  develop  improved 
techniques  to  implement  the  process  of  allocating  scarce  re- 
sources. In  the  light  of  one  laboratory's  experience  it  looks 
as  if  it  will  be  necessary  to  apply  the  full  range  of  concepts 
which  are  considered  to  be  the  basic  elements  of  zero-base 
budgeting  in  order  to  optimize  the  benefits  of  the  total  pro- 
gram. Before  we  can  expect  to  be  able  to  present  this  case 
effectively,  it  is  important  to  clarify  some  concepts  relating 
to  zero-base  budgeting  and,  perhaps,  clear  away  some  mis- 
conceptions about  it.  Simply,  zero-base  budgeting  may  seem  to 
imply  the  annual  construction  of  the  budget  of  an  organization 
without  any  reference  to  the  past  and  with  equally  detailed 
attention  to  all  programs.  Of  this  view  Graeme  Taylor  (1) 
quotes  Allen  Schick  as  saying,  "Even  a teenager  doesn't  have  an 
identity  crisis  every  year"  and  Dean  Acheson's  remark  in  another 
context,  "We  can’t  have  a foreign  policy  if  we  pull  it  up  every 
year  to  examine  its  roots." 

Several  years  before  Peter  Pyhrr,  Texas  Instruments,  the 
Harvard  Business  Review  and  a former  governor  of  the  State  of 
Georgia  became  linked  together  with  zero-base  budgeting,  the 
U.S.  Department  of  Agriculture  issued  an  instruction  for  the 
preparation  of  the  FY64  budget,  "...all  programs  will  be 
reviewed  from  the  ground  up  and  not  merely  in  terms  of  changes 
proposed  for  the  budget  year. "(2)  An  analysis  of  the  result  of 
this  approach  failed  to  credit  it  with  much  impact  on  the  budget 
(loc.  cit.). 

While  zero-base  budgeting  does  require  a comprehensive  budget 
justification  as  opposed  to  approach  which  focusses  attention  on 
program  increments  exclusively,  a more  meaningful  definition 
emphasizes  the  role  of  marginal  analysis  in  zero-base  budgeting. 

The  essential  tool  for  applying  marginal  analysis  in  zero- 
base  budgeting  is  the  decision  package. 

The  programs,  or  functions,  or  services  of  an  organization 
are  described  in  terms  of  these  decision  packages. 

Thus  the  first  step  in  zero-Kse  budgeting  is  the  identifica- 
tion of  the  programs,  etc.  which  comprise  the  budget.  The  answer 
to  this  question  for  an  organization  like  the  Army  is  to 
identify  the  level  at  which  the  zero-base  budget  technique  is  to 
be  applied.  A top-down  approach  in  the  Army’s  case  might  identify 
major  weapons  systems,  such  as  Patriot,  as  indicative  of  the  level 
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at  which  programs  should  be  described  in  terms  of  decision  packages. 
Another  top-down  level  for  program  definition  could  be  the  program 
element.  This  paper  will  focus  on  the  bottom-up  approach  for 
which  the  appropriate  level  of  program  definition  is  the  sub-task  or 
work  unit  as  described  in  form  1498,  Work  Unit  Summary,  which  is 
widely  known  and  is  available  for  congressional  review. 

Applying  our  definitions  to  this  particular  case,  the  second 
essential  step  in  zero-base  budgeting  is  the  preparation  of  several 
decision  packages  for  each  proposed  work  unit  in  the  budget.  The 
most  important  feature  of  this  group  of  decision  packages  is  that 
it  describes  the  objectives  which  can  be  attained  in  the  work  unit 
during  the  budget  year  under  consideration  FOR  DIFFERENT  LEVELS  OF 
FUNDING  OF  THE  GIVEN  WORK  UNIT.  This  step  is  essential  to  zero- 
base  budgeting  and  provides  the  information  which  permits  a marginal 
analysis  of  the  budget  to  be  made.  The  theory  n f this  approach  to 
budgeting  was  laid  down  some  time  before  zer  Kis  budgeting  took  it 
over  (3). 

The  third  essential  element  in  zero-base  budgeting  is  the 
prioritization  of  decision  packages  according  to  a scheme  which,  in 
our  case,  identifies  and  hopefully  quantifies  the  desirable  charac- 
teristics of  the  work  units  which  make  up  the  program  of  the 
laboratory.  The  budgetary  process  then  consists  of  funding  the 
decision  packages  in  their  order  of  priority  until  the  available 
funds  run  out. 

Some  controversy  exists  over  the  application  of  zero-base 
budgeting  at  the  governmental  level  which  we  must  briefly  address. 

ZERO-BASE  BUDGETING  APPLIED  TO  GOVERNMENTAL  FUNCTIONS 

There  has  been  some  healthy  debunking  of  ZBB.  Robert  N.  Anthony 
(of  impressive  credentials  from  DoD  and  Harvard)  characterizes  ZBB 
as  a fraud  because  the  zero  benchmark  was  replaced  by  one  of  the 
80  percent  level  of  current  spending  in  the  implementation  of  ZBB  in 
the  State  of  Georgia.  In  addition,  he  says,  the  approach  is  un- 
manageable because,  in  Georgia  there  were  11,000  decision  packages  to 
evaluate  and  prioritize  (a  four  hour  a day  job  for  two  months  for  the 
governor  if  he  gave  a minute  to  each  one,  Mr.  Anthony  calculates!) 

He  proposes  sidestepping  these  problems  by  renaming  the  process  a 
"zero-base  review"  and  thus  capitalizing  on  the  prestige  involved  in 
the  new  term  (4). 

However,  as  Peter  Pyhrr  says,  "Governor  Carter  concentrated  his 
time  on  reviewing  policy  questions,  major  increases  and  decreases  in 
existing  programs,  new  programs  and  capital  expenditures  and  a few 
packages  and  rankings  where  there  appeared  to  be  problems."  (5). 

Thus,  whereas  all  line  managers  are  involved  in  the  zero-base 
budgeting  preparation,  the  role  of  top  managers  will  properly  be 
highly  selective  in  its  emphasis. 
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John  Hayward,  gives  ZBB  short  shrift  under  the  title.  Buzz  Words 
Galore.  He  assumes  that  ZBB  is  a review  process  and  argues  that  the 
Federal  budget  is  already  the  result  of  "continuous  reiterations 
between  many  agencies.  Congress  and  the  Executive."  He  praises  the 
Budget  Reform  Act  of  1974  and  says,  "Why  add  a nonsense  called  'zero- 
base  Budgeting'  to  what  will  become  by  sound  evolution  a sensible 
process."  (6) 

Jim  Nagle  has  a related  concern  - "that  ZBB  (will  travel)  down 
the  same  ill-fated  path  as  its  predecessors  - PPB  and  MBO."  (7) 

Neither  the  President  nor  the  Congress  are  paying  much  attention 
to  the  debunkers.  Under  Senator  Myskie's  leadership, bill  S.2925  was 
introduced  in  the  94th  Congress  with  backing  from  more  than  half  the 
Senate.  This  bill  calls  for  automatic  termination  of  authorizations 
for  a program  after  5 years  with  renewal  only  after  a zero-hasp 
review  has  Deen  made  by  Congress  (8).  In  the  current,  95th  Congress, 
a similar  "sunset"  bill  has  been  introduced  (S.2)  with  a simplified 
review  process. 

The  President  lost  no  time  in  initiating  ZBB  in  his  administration. 

In  a memorandum  to  the  heads  of  executive  departments  and  agencies 
dated  February  14,  1977  he  directed  the  Director  of  0MB  to  revise  the 
Federal  budget  process  to  incorporate  “the  appropriate  techniques  of 
the  zero-base  budgeting  system"  for  each  department  and  agency  of  the 
Executive  Branch  for  application  to  the  FY-79  budget. 

Implementation  instructions  for  submission  of  agency  programs  for 
FY-79  to  0MB  in  September  1977  were  issued  (9)  and  reflect  the  consid- 
erable experience  of  zero-base  budgeting  which  has  been  accumulated 
at  this  time  in  the  private  and  public  sectors. 

These  instructions,  by  their  balanced  viewpoint  and  emphasis  on 
adapting  ZBB  to  the  circumstances  and  purposes  of  individual  departments 
and  agencies,  serve  as  an  effective  rebuttal  to  the  type  of  debunking 
quoted  above. 

During  this  time  when  the  top-down  aspect  of  zero-base  budgeting  is 
gathering  momentum  a number  of  federal  agencies  (including  the  Army, 

Navy,  HEW  and  EPA)  have  begun  to  apply  it  to  parts  of  their  operations(l ) . 

RESOURCE  ALLOCATION  IN  AN  R&D  LABORATORY  (10) 

Resource  allocation  in  a Research  and  Development  Laboratory  requires 
that  decisions  be  made  about  the  funding  of  ongoing  and  proposed  projects. 
Integral  with  the  funding  decisions  is  the  assignment  of  in-house  person- 
nel, and  appropriate  facilities,  supplies  and  equipment,  to  the  funded 
projects. 
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The  momentum  of  ongoing  projects  is  strong  and  tends  to  dominate 
the  budget  process.  The  inefficiencies  of  this  procedure  in  a dy- 
namic environment  suggest  the  application  of  zero-base  budgeting 
concepts  where  the  total  program  of  the  organization  is  examined, 
using  uniformly-applied,  objective  criteria,  and  old  projects  have 
to  compete  with  new  projects  for  the  available  funds. 

While  major  budget  decisions  are  an  annual  affair  enough  changes 
occur  to  require  significant  resource  allocation  decisions  to  be 
made  from  time  to  time  in  the  course  of  a typical  fiscal  year.  The 
same  basic  issue  then  arises.  Is  the  organization  in  a position  to 
rapidly  and  objectively  reassess  its  allocation  of  resources  to 
projects  and  make  suitable  adjustments  to  the  current  program  in 
response  to  the  changed  circumstances? 

To  apply  zero-base  budgeting  concepts  it  is  necessary  to  have 
appropriate  objective  criteria  to  evaluate  ongoing  and  proposed 
projects.  In  addition,  it  is  necessary  to  decide  upon  the  manner 
in  which  this  approach  to  the  programming  and  budgeting  tasks  is  to 
be  implemented.  Judgement  is  necessary.  While  an  inherent  sub- 
jectivity associated  with  close  and  personal  attention  by  management 
to  programing  decisions  is  both  inevitable  and  desirable,  the 
application  of  objective  optimizing  techniques  to  the  initial  pre- 
paration of  the  program  (and  resultant  budget)  introduces  important 
flexibility  into  the  budgeting  process.  The  effects  of  contingen- 
cies which  change  the  budget  level  and  the  relative  priorities  of 
the  projects  can  be  readily  ascertained  through  simulation  exercises 
(what  if  we  were  faced  with  a 20%  program  decrement?)  and  adjust- 
ments to  the  program  in  the  course  of  the  fiscal  year  can  be  made 
within  the  context  of  an  optimization  of  the  benefit  of  the  total 
program. 

APPLICATION  OF  ZERO-BASE  BUDGETING  TO  R&D  (10) 

As  described  above,  zero-base  budgeting  is  the  process  of 
allocating  the  funds  of  an  organization  to  a number  of  "decision 
packages"  according  to  their  ranking  in  priority  order.  A given 
project  will  consist  of  a number  of  these  "decision  packages"  each 
of  which  will  describe  an  incremental  part  of  the  project.* 

Thus  let  us  suppose  that  there  are  three  projects  (1,  2 and  3) 
and  that  each  one  is  described  by  program  increments  A,  B,  C etc. 
Then  the  basic  program  or  decision  package  for  project  1 is  package 
1 A ; for  project  2,  package  2A,  etc.  The  "A"  packages  describe  the 
highest  priority  work  in  each  project,  the  "B"  packages  the  next 
most  important  work  objectives  and  so  on.  Another  way  of  looking 

*A1 ternati vely  decision  packages  may  describe  increasing  expensive 
budgets  for  a given  project  with  areater  progress  associated  with 
greater  cost.  This  latter  approach  is  described  in  the  guidelines 
published  by  0MB  (9). 
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at  the  "A"  packages  is  to  view  them  as  the  smallest,  viable  program 
which  can  be  conducted  on  the  given  project.  In  other  words,  the 
"A"  packages  define  the  minimum  program  which  is  worth  doing  on  the 
project.  These  two  concepts  of  the  "A"  package  are  logically  re- 
lated to  each  other  by  the  assumption  that  the  minimum  program  will 
be  focussed  on  the  highest  priority  objective. 

The  first  essential  concept,  then,  in  the  adaptation  of  the 
zero-base  budget  approach  to  R&D  is  the  description  of  multiple, 
optional  funding  levels  for  each  project  in  a given  year.  Another 
desirable  feature  of  zero-base  project  planning  is  the  definition 
of  alternative  funding  approaches  for  each  decision  package.  With- 
out multiple  funding  levels  the  only  possible  funding  decision  about 
a project  is  yes  or  no,  which  is  too  crude  a decision  measure.  The 
addition  of  alternative  funding  approaches  (affecting  the  "mix"  of 
in-house  and  contractual  effort)  provides  the  flexibility  to  simul- 
taneously optimize  the  funding  of  projects  according  to  their 
priority  and  the  utilization  of  the  work  force  according  to  their 
unique  profile  of  skills. 

The  second  fundamental  step  is  the  prioritization  of  decision 
packages.  Objective  criteria  of  merit  must  be  developed  which  must 
be  uniformly  applied  to  all  the  decision  packages.  This  means  not 
only  the  ranking  of  projects  with  respect  to  each  other,  but  also 
the  ranking  of  project  increments  across  project  boundaries.  For 
example,  the  packages  referred  to  in  relation  to  projects  1,  2,  and 
3 on  the  previous  page  might  emerge  from  the  ranking  process  in  the 
following  order:  1A,  3A,  3B,  2A,  2B,  IB,  1C,  3C,  2C.  Notice  that 
package  1A  precedes  package  IB  which,  in  turn,  precedes  package  1C, 
and  similarly  for  project  2 and  project  3.  However,  in  this  example 
the  second  increment  of  project  3 (3B)  rates  higher  than  the  first 
increment  of  project  2 (2A).  It  is  not  difficult  to  imagine  sit- 
uations in  which  this  type  of  ordering  could  come  about. 

In  summary,  the  major  steps  in  implementing  a zero-base  approach 
to  budgeting  are: 

♦identify  the  projects  which  are  candidates  for  the  funds 

♦determine  alternative  funding  levels  for  each  project 

♦prepare  decision  packages  to  cover  the  minimum  funding  level 
and  each  increment  in  funding  for  each  project 

♦define  criteria  of  merit  for  evaluating  the  decision  packages 

♦prioritize  decision  packages  at  the  first  level  of  management* 

♦prioritize  decision  packages  at  the  laboratory  level  of  manage- 
ment 


♦that  is,  the  level  of  management  which  is  responsible  for  a number 
of  projects  (or  work  units) 
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‘compile  the  laboratory  program  and  budget  as  a function  of 
various  contingency  levels  of  funding 

At  this  point  the  results  of  the  process  will  be  critically 
reviewed  by  management.  A number  of  changes  will  be  made  as  a 
result  of  management  judgment  and  experience  and  the  budget  will  be 
reworked.  In  this  way  ZBB  is  used  as  an  aid  to  planning,  program- 
ming and  budgeting  and  not  at  all  a process  which  dictates  what  the 
budget  will  be. 

Relationship  Between  Decision  Packages,  Work  Units  and  Projects. 

Projects.  A project  is  a complete  piece  of  work  which  results 
in  the  development  of  a piece  of  hardware,  the  development  of  a new 
technique  or  the  accomplishment  of  a major  research  goal.  Projects 
are  invariably  multi-year  efforts,  frequently  encompassing  one  or 
more  transitions  in  funding,  e.g.  from  6.1  research  to  6.2  explora- 
tory development,  or  from  6.2  exploratory  development  to  6.3 
advanced  development  (e.g.  the  crosswind  sensor). 

Projects  and  Decision  Packages.  In  general  the  plan  for  accom- 
plishing a project  will  include  several  objectives  each  year.  The 
minimum  level  of  effort  for  maintaining  progress  on  the  project  in 
a given  year  will  be  described  by  a decision  package.  One  or  more 
additional  decision  packages  will  describe  increments  of  work  which 
would  expedite  the  project. 

Work  Units.  The  work  unit  is  the  description  of  the  funded  work 
on  a project  within  each  funding  category  (e.g.  6.1).  Thus  the  plan 
for  completing  a project  may  involve  a work  unit  in  the  6.1  funding 
category  lasting  say,  three  years,  followed  by  a work  unit  in  the  6.2 
funding  category  lasting  another  two  years.  In  any  given  year  the 
funding  level  may  correspond  to  say  two  decision  packages  comprising 
the  minimum  objectives  plus  additional  objectives  which  are  evaluated 
as  having  high  enough  priority  to  be  funded  within  the  budget  of  the 
laboratory. 

The  Decision  Package  and  Project  Funding 

Each  decision  package  contains: 

*a  statement  of  the  requirement  for  the  work  (impact  of  not  doing 
the  work) 

*a  definition  of  the  problem  from  the  user's  point  of  view  (the 
military  problem  being  faced) 

*a  definition  of  the  problem  from  the  scientist's  (or  engineer's) 
point  of  view  (the  technical  barriers  to  be  overcome  to  solve  the 
military  problem) 
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♦the  goal  of  the  work  and  the  projected  year  of  completion 

♦the  approach  used 

♦past  achievements  and  current  status  and  current  year  milestones 
(for  ongoing  work) 

♦objectives  for  the  budget  year 

♦significant  milestones  in  terms  of  the  user's  requirements  and 
timetable  and 

♦the  budget  for  the  work  preferably  showing  two  options  in  the 
way  the  work  is  funded. 

At  the  planning  stage,  a project  consists  of  at  least  one  funded 
decision  package  each  year  from  project  inception  to  project  comple- 
tion. This  is  the  core  program  for  the  project.  Alternatively  the 
project  may  be  completed  in  less  time  by  funding  incremental  decision 
packages  in  addition  to  the  core  program  in  any  given  year.  The 
project  plan  will  identify  major  milestones  each  year  but  the  planning 
detail  necessary  to  write  decision  packages  will  be  developed  only  as 
far  as  the  budget  year  under  consideration. 

FACTORS  INVOLVED  IN  EVALUATING  AND  PRIORITIZING  DECISION  PACKAGES  (10) 

Development  of  criteria  of  merit.  In  order  to  evaluate  and  rank 
the  decision  packages  it  is  necessary  to  aeveloo  criteria  of  merit 
which  will  be  generally  applicable  within  the  laboratory.  Qualita- 
tively the  merit  of  a project  might  be  described  in  terms  of  answers 
to  such  questions  as:  (application  is  made  here  to  the  authors' 
laboratory) 

♦what  science  and  tecnnology  objectives  does  this  project  relate 
to? 

♦how  relevant  is  it  to  these  objectives? 

♦does  the  work  feed  in  to  a larger  program  (for  example, does  it 
provide  a component  part  of  a major  weapon  system) 

♦what  priority  docs  the  project  have  relative  to  Army  needs? 

♦what  effect  do  higher  level  decisions,  policy,  and  guidance  have 
on  project  determination:’ 

The  difficulties  arise  wnen  an  attempt  is  made  to  quantify  these  types 
of  criteria. 

Measures  ot  performance  for  ongoing  work.  It  the  work  is  ongoing, 
further  questions  may  be  asked: 

♦how  well  has  the  work  progressed? 


*what  contributions  have  already  been  made  to  the  solution  of 
Army  problems? 

*in  what  way  has  the  work  contributed  to  the  advance  of  the 
atmospheric  sciences? 

In  these  cases  also  it  is  necessary  to  reduce  these  issues  to 
quantitative  terms  in  order  to  be  able  to  rank  the  projects. 

Levels  of  prioritization.  Decision  packages  may  be  prioritized 
at  each  organizational  level  in  the  laboratory.  However,  at  a min- 
imum, prioritization  should  be  carried  out  at  the  first  management 
level  and  at  the  laboratory  level.  The  first  managment  level 
prioritization  is  necessary  to  obtain  the  expert  judgement  of  those 
who  are  intimately  involved  with  the  work.  The  laboratory  level 
prioritization  is  necessary  in  order  to  construct  the  laboratory 
budget. 

Subjectivity  in  prioritization.  Undoubtedly  the  problem  of 
giving  relative  weightings  to  unlike  projects  in  particularly  acute 
at  the  laboratory  level  and  the  subjective  element  of  judgement  is 
unavoidable.  However,  progress  will  be  made  if  the  factors  which 
should  enter  into  the  weighting  process  are  explicitly  described. 

It  is  also  important  that  the  application  of  subjective  judgement  be 
made  in  a consistent  manner  and  be  accompanied  by  a stated  rationale. 
To  some  extent  the  techniques  used  to  judge  the  responses  to  a 
request  for  proposals  (RFP)  offer  a guide  as  to  what  might  be  done. 


A MODEL  FOR  PROJECT  EVALUATION  (10) 

The  objective  of  the  budgeting  process  is  to  maximize  the 
benefit  of  the  funded  work.  In  order  to  do  this  projects  must  be 
ranked  according  to  established  criteria  which  will  provide  a figure 
of  merit  for  each  project.  How  can  such  a figure  of  merit  be 
derived? 

Clearly,  the  priority  of  the  work  in  the  eyes  of  the  customer  is 
a relevant  consideration.  Within  this  category  two  factors  can  be 
identified:  the  inherent  importance  of  this  piece  of  work  to  the 
customer  and  the  urgency  with  which  it  should  be  pursued.  Especially 
if  the  piece  of  work  is  part  of  a larger  system, delay  may  impact 
adversely  on  the  system  as  a whole  or  alternatively  the  piece  of  work 
may  be  postponed  for  a year  even  though  it  is  a necessary  part  of  the 
system. 

Independent  of  the  importance  and  urgency  of  work  is  its 
feasibility.  What  is  the  probability  of  it  being  successfully 
completed  within  the  time  frame  contemplated?  This  depends  upon  an 
assessmen  of  the  technical  barriers  involved  and  of  the  skill  of  the 
scientists  available  to  work  on  the  problem. 


To  minimize  the  occurrenre  of  unreasonable  behavior  in  a model, 
particularly  when  parameters  take  on  the  values  associated  with  the 
limits  of  the  range  within  which  they  vary,  it  has  been  found  that 
quantities  are  best  represented  by  factors  multiplied  together  in  a 
geometrical  form  rather  than  added  or  subtracted  in  arithmetical 
fashion.  This  procedure  is  commonly  used  in  the  various  applica- 
tions that  have  been  made  of  systems  dynamics  such  as  industrial 
dynamics,  dynamics  of  commodity  production  cycles  and  urban  dynamics. 

It  is  important  that  the  factors  which  comprise  a given  quantity 
be  substantially  orthogonal  to  one  another.  That  is  to  say  they 
should  represent  independent  properties  of  the  quantity  being 
described.  The  factors  germane  to  the  figure  of  merit  of  an  (WD 
project  which  have  been  identified  at  the  beginning  of  this  section 
can  be  seen  to  meet  this  criterion.  To  the  extent  that  orthogonality 
does  not  obtain  the  model  of  the  quantity  of  interest  will  distort 
its  behavior  as  the  factors  change  in  value. 

These  principles  underlie  the  construction  of  "robust"  models 
and  will  be  used  in  the  following  treatment. 

The  figure  of  merit  for  each  work  unit  is  defined  to  be  the 
product,  of  the  priority  factor  and  the  probability  of  successfully 
completing  the  work.  The  priority  factor  becomes  a function  of  both 
the  stated  requirement  for  the  work  effort  and  the  impact  of  possibly 
delaying  this  effort.  Numerical  values  may  then  be  assigned  to  each 
of  these  factors. 

PRIORITIZING  WORK  UNITS  IN  THE  F Y - 7 8 BUDGET 

During  the  Spring  1977,  a committee  at  the  Atmospheric  Sciences 
Laboratory  was  requested  to  review  projected  work  units  for  FY-78  and 
establish  priorities  based  on  documented  user  requirements. 

The  committee  utilized  the  procedures  as  described  above  and 
ranked  the  FY-78  work  units  according  to  numerical  scores  by  rating 
each  of  the  factors  independently. 

The  rating  of  each  work  unit  was  accomplished  by  using  each  member 
of  the  committee  as  an  expert  judge  to  assign  a score  for  the  require- 
ment. and  the  urgency  of  the  work  unit.  These  scores  were  then  discussed 
and  reasons  for  extreme  scores  compared  to  the  average  were  explained  by 
the  raters  involved.  The  work  was  then  rescored  with  each  judge  (rater) 
having  the  opportunity  to  change  his  score.  If  extreme  values  still 
occurred,  they  were  discarded  in  calculating  the  average  score. 

This  modified  Delphi  technique  coupled  with  the  model  was  judqed  to 
be  a satisfactory  approach  to  the  assigned  task  of  prioritizing  work 
units  according  to  as  objective  techniques  as  possible,  (n) 

The  resulting  priority  list  was  used  as  one  input  (among  several) 
by  laboratory  management  in  deciding  which  work  units  should  be  funded 
in  FY-78. 


This  step  towards  a more  objective  solution  to  the  resource 
allocation  problem  can  be  improved  so  far  as  optimizing  the  benefits 
of  the  laboratory  program  is  concerned.  The  fact  that  work  units 
were  either  funded  or  unfunded  is  unnecessarily  severe  a judgment. 
Could  some  additional  work  units  have  been  funded  by  giving  other 
work  units  less  than  the  (one)  funding  level  requested,  with  a 
resulting  increase  in  the  net  benefit  of  the  program  to  the  labora- 
tory? The  addition  of  other  funding  levels  for  the  work  units  would 
have  enabled  this  type  of  question  to  have  been  systematically  pur- 
sued. 

Of  course,  at  this  point,  the  concepts  of  zero-base  budgeting 
as  described  above  would  have  been  applied,  and  one  could  conclude 
that  an  optimization  of  the  laboratory  program  requires  the  utiliza- 
tion of  all  the  essential  elements  of  zero-base  budgeting. 
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ABSTRACT:  The  cost  of  repair  parts  during  SOQAS  (warranty)  periods  of 
30,  45,  and  60  days  was  estimated  for  10,000  M240  Machine  Guns.  The 
expected  number  of  required  repair  parts  during  a warranty  period  was 
estimated  by  predicting  the  number  of  expected  failures  based  on  the 
final  OT  III  data  and  the  expected  usage  rate  during  the  warranty  period. 

For  the  purpose  of  estimation,  a normal  distribution  was  found  (through 
graphical  techniques)  to  apply  to  the  OT  III  parts  replacement  data. 

Then,  the  expected  number  of  failures  was  calculated  by  multiplying 
the  probability  of  failure  by  the  appropriate  weapon  density.  Finally, 
the  cost  of  parts  replacement  was  calculated  for  warranty  periods  of 
varying  lengths  of  time. 
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OBJECTIVE 

To  analyze  parts  replacement  data  and  expected  costs  for  the  pur- 
chase of  repair  parts  for  10,000  fielded  M240  Machine  Guns  during  a 
30  to  60  day  Statement  of  Quality  and  Support  (SOQAS)  warranty  period. 

INTRODUCTION 

The  M240  Armor  Machine  Gun  and  mount  will  replace  the  present 
coaxial  machine  gun  and  mount.  From  the  date  of  installation.  1 Army 
Materiel  Development  and  Readiness  Command  (DARCOM)  will  wai  r 
M240  Machine  Gun  System  for  a specified  period  of  time.  Thai  Is  D.  . 'M 
will  replace  any  Basic  Issue  Item  (BII)  or  repair  part  during  the  w.  anty 
period  except  those  items  which  are  lost  or  show  definite  sign  >f  abuse 
or  mishandling. 

The  Maintenance  Directorate,  DRSAR-MA,  will  request  a Statement  of 
Quality  and  Support  (SOQAS)  commitment  to  the  user  from  HQ,  DARCOM  in 
accordance  with  the  provisions  contained  in  DARCOM  Supplement  1 to  AR 
700-127.  As  a basis  for  planning  and  programming,  an  estimate  of  the 
cost  of  repair  parts  during  a warranty  period  was  requested.  In  response 
to  DRSAR-MA* s request,  the  cost  of  repair  parts  required  during  a speci- 
fied warranty  period  was  estimated  by  analyzing  the  data  compiled  during 
the  Operational  Test  III  (OT  III).  All  costs  in  this  analysis  are  those 
recommended  by  the  developer,  Fabrique  Nationale. 

METHODOLOGY 

The  expected  number  of  required  repair  parts  during  a warranty 
period  was  estimated  by  predicting  the  number  of  expected  part  failures 
based  on  the  final  OT  III  data  and  the  expected  usage  rate  during  the 
warranty  period.  For  the  purpose  of  estimation,  a normal  distribution 
was  found  (through  graphical  techniques)  to  apply  to  the  0T  III  parts 
replacement  data.  The  probability  that  a failure  will  occur  before  a 
specified  number  of  rounds  are  fired  from  a weapon  was  calculated  as 
follows: 
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/N  /S 

Kq  - (b  - y)/o  -*•  P (failure  £ b rounds)  ■ a 
where 

Ka  ■ the  normal  deviate  corresponding  to  a 
a ■ probability  of  a failure 

y = the  mean  of  the  data  points 

/\ 

a = standard  deviation 


b * number  of  rounds  fired  to  obtain  the  probability  a 

Once  Ka  is  calculated,  a is  obtained  from  tables  for  the  normal 
distribution.  Then,  the  expected  number  of  failures  is  calculated  by 
multiplying  the  probability  of  failure,  a,  by  the  number  of  weapons 
considered. 


It  was  estimated  that  the  average  number  of  training  rounds  fired 
on  a coaxial  machine  gun  is  five  to  seven  thousand  rounds  per  weapon 
per  year^.  At  this  point  a decision  was  made  whether  to: 

a.  Assume  that  a monthly  average  of  rounds  are  fired  from  the 
weapons;  i.e.,  if  7,000  rounds  are  fired  on  a weapon  during  the  first 
year,  then  583  rounds  are  fired  each  month.  With  this  monthly  firing 
rate,  the  number  of  failures  are  computed  each  month. 

b.  Assume  that  a monthly  average  of  failures  occur  during  the 
first  year.  With  this  uniform  failure  rate,  failures  are  computed  for 
the  first  year  and  then  averaged  over  the  months. 

It  was  decided  to  use  the  latter  assumption,  since,  for  budgetary  reasons, 
funds  need  to  be  set  aside  to  cover  the  actual  cost  of  parts  replacement 
during  the  warranty.  The  actual  number  of  rounds  fired  on  weapons 
during  the  warranty  period  will  depend  on  such  things  as  the  availabil- 
ity of  firing  ranges,  the  availability  of  rounds,  and  the  training 
requirements  for  the  troops. 

Along  with  the  above  method,  a parametric  analysis  was  used  to 
predict  the  expected  number  of  failures  in  order  to  show  how  the  number 
of  failures  varies  with  the  distribution  of  rounds  fired  on  the  weapons. 
The  four  cases,  shown  in  Table  1,  vary  in  the  number  of  weapons  firing 
specified  numbers  of  rounds  while  maintaining  an  overall  average  of 
7,000  rounds  fired  per  weapon.  Case  1 is  the  baseline  case  where  the 
number  of  predicted  failures  is  at  a minimum.  Cases  2,  3,  and  4 are 
possible  representative  distributions  of  actual  field  usage. 

1TRADOC,  Fort  Knox,  KY,  message  R241704Z  Oct  75. 


f 

tv 

I 

f 

i * -3 

I 4 

‘ I 


1 


341 


TABLE  1.  Cases  Addressed  for  Parametric  Analysis 
Case  1:  10,000  weapons  fire  an  average  of  7,000  rounds  per  year 


Case  2:  3,000  weapons  fire  an  average  of  3,500  rounds  per  year 

4.000  weapons  fire  an  average  of  7,000  rounds  per  year 

3.000  weapons  fire  an  average  of  10,500  rounds  per  year 

TOTAL:  10,000  weapons  fire  an  average  of  7,000  rounds  per  year 

Case  3:  3,500  weapons  fire  an  average  of  3,000  rounds  per  year 

4,500  weapons  fire  an  average  of  7,000  rounds  per  year 

2.000  weapons  fire  an  average  of  14,000  rounds  per  year 

TOTAL:  10,000  weapons  fire  an  average  of  7,000  rounds  per  year 


Case  4:  4,500  weapons  fire  an  average  of  3,000  rounds  per  year 

3.000  weapons  fire  an  average  of  7,000  rounds  per  year 

1.000  weapons  fire  an  average  of  11,000  rounds  per  year 

500  weapons  fire  an  average  of  21,000  rounds  per  year 

TOTAL:  10,000  weapons  fire  an  average  of  7,000  rounds  per  year 
DISCUSSION  OF  DATA 

During  OT  III,  in  which  an  average  of  69,638  rounds  were  fired  from 
each  of  the  five  M240  Machine  Guns,  59  parts  had  no  failure,  14  parts 
had  only  one  failure,  and  11  parts  had  more  than  one  failure.  Furthermore, 
during  the  first  10,000  rounds  fired  from  each  weapon,  no  failures  occurr- 
ed (several  rounds  fired  from  each  of  the  five  machine  guns,  only  14 
parts  failed,  eight  had  only  one  failure,  and  six  had  two  or  more  failures. 

Of  the  11  parts  which  had  two  or  more  failures  during  the  entire 
0T  III  test,  only  five  of  the  parts  had  unit  costs  greater  than  $1.00 
each.  Therefore,  the  expected  number  of  failures  during  the  first  year 
of  fielding  were  calculated  for  the  following  five  parts  only:  Charging 
Cable;  Charging  Slide;  Feed  Tray;  Spring  Assembly  Return  (also  called 
the  Spring,  Return  Charger);  and  Roller,  Feed  Channel.  Table  2 displays 
those  five  repair  parts,  their  unit  prices,  the  number  of  data  points, 
and  the  mean  and  standard  deviation  of  the  number  of  rounds  fired 
before  a failure  occurred. 

TABLE  2.  Data  for  Selected  Parts  of  the  M240  Machine  Gun 


UNIT 

NO.  OF 

MEAN 

STANDARD 

DEVIATION 

DESCRIPTION 

PRICE 

FAILURES 

(K  RDS) 

(K  RDS) 

Cable,  Charger 

$ 8.50 

4 

38.26 

12.30 

Slide,  Charger 

$ 10.75 

4 

41.12 

23.03 

Tray,  Feed  Assy 

$109.00 

17 

17.91 

5.94 

Spring,  Return  Charger 

$ 2.25 

11 

25.80 

9.24 

Roller,  Feed  Channel 

$ 25.00 
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4 

44,16 

28,50 

RESULTS 


Using  the  methodology 

as 

described 

with  the  five  parts 

identified 

above,  failures  were  predicted  for  the 

first  year 

and  are 

summarized  in 

Table  3. 

TABLE  3.  Summary 

of 

Predicted 

Failures  for  First 

Year 

NUMBER  OF 

FAILURES 

PART  DESCRIPTION 

CASE  1 

CASE  2 

CASE  3 

CASE  4 

Cable,  Charger 

45 

55 

71 

95 

Slide,  Charger 

327 

337 

353 

369 

Tray,  Feed  Assembly 

315 

458 

bb4 

840 

Spring,  Return  Charger 

242 

289 

355 

433 

Roller,  Feed  Channel 

362 

367 

381 

393 

The  total  expected  annual  costs  can  now  be  calculated  by  totaling 
the  product  of  the  expected  number  of  part  failures  and  their  respective 
unit  prices.  As  is  shown  in  Table  4,  the  expected  cost  of  supporting 
10,000  weapons  for  the  first  year  is  calculated  to  be  from  $47. 8K  to 
$107. IK  (a  monthly  average  of  $4. OK  to  $8.9K,  respectively). 

COST  OF  WARRANTY  FOR  PARTS  REPLACEMENT 

The  cost  of  parts  replacement  tor  warranty  periods  of  varying 
lengths  of  time  can  be  computed  by  taking  a weighted  average  of  the 
annual  cost  of  parts  replacement.  The  predicted  costs  of  parts  replace- 
ment are  displayed  in  Table  4 for  each  case  for  warranty  periods  of  30, 
45,  and  60  days.  For  example,  the  predicted  cost  of  parts  replacement 
for  a 45  day  warranty  period  for  Cise  2 is  $8. OK. 


TABLE  4.  Predicted  Cost  of  Parts  Replacement  for  Warranty 
Of  10,000  Machine  Gunsa 


Warranty  Period 

Case  l*5 

Case  2C 

Case  3^ 

Case  4e 

30  Days 

$4.  OK 

$ 5.3K 

$ 7.3K 

$ 8.9K 

45  Days 

$6.  OK 

$ 8. OK 

$10. 9K 

$13. 4K 

60  Days 

$8.  OK 

$10. 6K 

$14. 5K 

$17. 9K 

abased  on  0T  HI  data. 

^each  of  the  10K  weapons  fired  average  of  7K  rds. 

C3K  weapons  fired  3.5K  rds,  4K  weapons  fired  7K  rds,  and  3K  weapons  fired 
10. 5K  rds — a total  overall  average  of  7K  rds. 

^3.5K  weapons  fired  3K  rds,  4.5K  weapons  fired  7K  rds,  and  2K  weapons 
fired  14K  rds — a total  overall  of  7K  rds. 

e4.5K  weapons  fired  3K  rds,  3K  weapons  fired  7K  rds,  IK  weapons  fired 
11K  rds,  IK  weapons  fired  14K  rds,  and  0.5K  weapons  fired  21K  rds — a 
total  overall  average  of  7K  rds. 
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SUMMARY 

The  total  first  year  cost  of  repalT  parts  was  estimated  to  be  $48K 
to  $107K.  Therefore,  the  warranty  cost  for  repair  parts  are: 


30  Days 
45  Days 
60  Days 


Cost  of  Parts  Replacement 


Total  for  10,000  Weapons 


Per  Weapon  Cost 


$4.0  to  $ 8.9K 
$6.0  to  $13. 4K 
$8.0  to  $17. 9K. 


$0.40  to  $0.89 
$0.60  to  $1.34 
$0.80  to  $1.79 


These  estimates  are  based  on  OT  III  parts  replacement  data  and  suggested 
unit  prices  by  the  developer,  Fabrique  Nationale.  By  assuming  that  a 
uniform  distribution  of  failures  occurs  over  the  first  year,  a higher 
number  of  failures  would  be  predicted  as  opposed  to  assuming  a uniform 
usage  rate  of  rounds  over  the  first  year.  The  uniform  distribution  of 
failures  was  used  so  that  sufficient  funds  would  be  set  aside  to  cover 
the  cost  of  parts  replacement  during  the  warranty  period.  The  actual 
number  of  failures  will,  of  course,  depend  on  such  things  as  the  avail- 
ability of  firing  ranges,  availability  of  rounds,  and  the  training  re- 
quirement for  the  troops. 
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ciiiiififi  r°ni  rdpu;rement'  u 5<*ks  to  examine  the  collective  caoability  of  systems  rather 
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THE  FOSS  CONCEPT 


Background 


is  not  a new  concept  in  the  analysis  of  Army  weapon  systems.  It  has  been  implemented  in 


The  FOSS  _ 

?hiS|eFS™  of  af"«J?s  « variety  pf  horposes.  Examples  include  the  AHCSA's'tuinU' 

FOSS  si  Studies  (Artillery ■ and  the  AIR  DEFENSE  studies  to  name  but  three.  In  some  i-sti 
has.been  institutionalized  and  is  conducted  systematically.  In  other  instances  it  -s  jin 

conducted  on  an  ad  hoc"  basis.  In  either  case,  howeve-,  it  serves  the  same  pur"ofe:  IlJv  • 

Jhl^TT’II  4na,ys,s  base  from  which  ‘0  make  decisions  concerning  Army  weapons' systems  deve 

The  FOSS,  in  Us  various  forms,  has  been  one  way  for  top  level  decision  miners  to  reduce  the  ri. 

uncertainties  inherent  to  making  large  numbers  of  essentially  piecemeal  decisions.  It  >ms  „ 
prograraii ngUcyc 1 es . dec ' s ' on  processes  that  are  otherwise  driven  mainly  by  cons (derations  of' bud. 
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Therefore,  to  the  extent  that  there  has  always  been  a need  for  comprehensive 
understanding  of  the  mid  and  long  range  implications  of  individual  decisions 
makers  to  assess  the  cumulative  impact  of  these  decisions,  FOSS  is,  in  fact. 


analyses  which  provide  ,m 
and  which  also  al'ows  dr,  ■ s 
a 'pry  aid  concepi. 


Analysis  Needs 


Specific  needs  can  be  identified  which  motivate 
(1)  the  need  (especially  at  high  Army  decision 


the  reouirements  for  a specific*  FOSS . They  a-'e- 
levels'  to  respond  to  issues  which  concern"  hr.'.u 


functional  areas  and  which  affect  a wide  range  of  related  Army  systems, 

(2)  the  need  (at  intermediate  to  hiqh  levels)  to  address  issues  which  impact  entire  families  of  related 
systems  from  a common  and  comprenensive  decision  base,  and 

(3)  the  need  (at  lower,  supportive  levels)  to  enhance  the  responsiveness  to  requests  for  analvsis  support 
which  can  aid  in  the  resolution  of  critical  systems  issues. 

FUSS  responds  to  the  first  of  these  needs  in  that  it  provides  to  top  level  decision  makers  information  on 
which  to  oase  systems  ’trade-off"  decisions.  These  decisions  usually  involve  selecting  between  systems 
that  are  equally  good  (in  some  sense)  but  which  are  competing  for  the  same  limited  resources.  The  FOSS 
can  help  make  this  selection.  It  can,  in  most  cases,  assist  in  the  process  of  deciding  among  systems  that 
are  effective  in  their  own  right,  but  must  be  weighed,  one  against  the  other,  so  that  "on  balance"  the 
system  providing  the  greatest  benefit  is  selected.  For  these  executive  decisions,  factors  involving  more 
than  just  product  quality  or  effectiveness  must  be  considered.  Programming  or  budgetary  constraints  must 
Often  be  brought  to  bear  on  the  decision.  Subjective  elements  enter  into  the  decision,  of  course,  and 
to  the  extent  tnat  they  do,  no  analysis  will  ever  wholly  satisfy  this  need.  However,  FOSS,  with  its 
empnasis  on  the  examination  of  families  of  systems  which  are  related  both  functionally  and  characteris- 
tically and  which  perform  a spectrum  of  combat  and  combat  support  functions,  can  provide  insight  into  the 
implications  of  these  decisions. 

The  FOSS  can  serve  the  second  need  in  that  in  can  adequately  address  the  issues  which  deal  with  whether  a 
system  requirement  actually  exists.  This  exercise  normally  takes  the  form  of  "validating"  a stated  re- 
quirement and  can  best  be  done  by  performing  system  operational  analyses  in  given  combat  scenarios.  FOSS 
can  address  these  issues  analytically  within  the  framework  of  a family  study  and  can  therefore  play  a 
significant  role  at  "his  decision  level. 

FOSS  can  also  satisfy  the  third  need  by  providing  a sound  base  from  which  to  do  more  detailed  systems 
analyses.  Several  ways  in  which  the  FOSS  can  help  here  are  the  following.  First,  it  can  decrease  study 
"start-up"  time  for  doing  follow-on  analysis.  General  analysis  procedures  will  have  been  defined  by  the 
FOSS  and  minimal  study  planning  should  therefore  be  required.  Second,  it  can  lay  the  preliminary  ground- 
work for  subsequent  analyses  by  doing  the  initial  screening  of  al ternatives.  Alternatives  which  a-e 
clearly  not  feasible  can  thus  be  eliminated  very  early  in  the  study  effort.  Third.  FOSS  can  lesser  the 
agonizing  (and  usually  schedule-shattering)  task  of  data  collection.  The  development  of  system  data  bases 
as  part  of  tne  FOSS  can  potentially  save  up  to  50t  of  normal  study  time.  Fourth,  the  FOSS  can  provide  con- 
tinuous and  consistent  analyses  of  systems  throughout  their  entire  acquisition  cvcle.  It  can,  in  this  wav. 
maxe  studies  comparable  even  wnen  they  are  performed  at  different  points  in  the  MAP.  More  importantly 
tnougn,  it  can  allow  studies  to  be  expanded  and  built  upon.  Currently,  this  cannot  readily  be  done,  'he 
present  system  of  COEA  "updating",  in  practice,  reduces  tc  COCA  "re-doing”.  Valuable  knowledge  and  exper- 
ience gained  in  ore  study  iteration  is  seldom  passed  on  the  the  next  iteration.  Finally,  FOSS  car  provide 
tne  necessary  analysis  tools  (methodologies,  models,  algorithms,  data  bases,  etc.)  which  will  get  the  study 
underway  quickly.  It  can,  in  this  manner,  reduce  the  early  steps  in  starting  studies  which  call  r’or  (1) 
tne  definition  of  analysis  mehtodologies , (2)  a search  for  "the  model"  to  apply  to  the  studies,  and  i3) 
the  identification  and  accumulation  of  data  required  by  lha  studies. 

Family  Partitions 

In  seexing  to  do  comprenensive  studies  of  Army  weapon  systems,  analytical  tractability  is  a principal  con- 
cern. One  way  of  achieving  it  is  by  inducing  a partition  on  the  set  of  systems  to  be  studied  and  then 
analyzing  the  parts  separately.  Results  for  the  total  set  can  then  be  obtained  from  the  separate  analyses 
by  accounting  for  the  complementary  aspects  of  otherwise  individual  investigations. 

Partitioning  of  the  set  cf  weapon  systems  can  be  done  along  two  dimensions:  (1)  function  and  (2)  character- 
istics (either  engineering  o*-  operational).  Once  partitioned,  the  systems  can  be  examined  bv  grouping  the-' 
along  one  dimension  and  analyzing  them  along  the  other.  In  the  concept  of  the  FOSS  as  expounded  in  this 
paper,  tne  grouping  of  systems  is  done  by  characteristics  and  the  analysis  is  done  according  to  battle- 
field functions.  This  approach  is  particularly  tractaole  because  it  is  consistent  with  the  prevailing 
organizational  structure  of  the  Army  and  with  the  established  methods  (procedural  and  administrative)  for 
ccnduct’ng  studies  within  the  Department  of  the  Army. 

Ir,  this  approach,  the  "families"  consist  of  systems  having  similar  characteristics.  One  list  of  families 
(and  certainly  r.ot  unique)  resulting  from  this  approach  to  the  FOSS  is  shown  in  "able  1.  For  completeness, 
the  table  also  shows  the  established  proponency,  within  TRADOC,  for  these  families. 
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TABLE  1 

FAMILY  OF  SYSTEMS  PARTITIONS 

FAMILY 

PROPONENT 

AIR  DEFENSE 

US  ARMY 

AIR  DEFENSE  SCHOOL 

ANT  I -ARMOR 

US  ARMY 

COMBINED  ARMS  CENTER 

ARMOR  (COMBAT  VEHICLES) 

US  ARMY 

ARMOR  CENTER 

ARTILLERY 

US  ARMY 

FIELD  ARTILLERY  CENTER 

AVIATION 

US  ARMY  AVIATION  CENTER  | 

BATTLEFIELD  LOGISTICS  AND 

REPAIR 

US  ARMY 

LOGISTICS  CENTER 

COWiANO  AND  CONTROL  AND  ADP 

US  ARMY 

COMBINED  ARMS  CENTER 

COFtiUNICATIONS  AND  EW 

US  ARMY 

SIGNAL  CENTER 

ENGINEER 

US  ARMY 

ENGINEER  CENTER 

INFANTRY 

US  ARMY 

INFANTRY  CENTER 

INTELLIGENCE 

US  ARMY 

INTELLIGENCE  CENTER 

NBC  DEFENSE 

US  f RMY  ORDNANCE  CENTER 

The  analysis  of  the  families  is  carried  out  by  determining  how  well  each  family  can  perform  its  battle 
functions.  This  is  a two-step  operation.  First,  battle  function  requirements  are  established  for  each 
family.  This  is  done  by  specifying  and  cataloging  the  task;  that  each  family  must  execute  in  its  role  as 
part  of  the  Combine^  Arms  Team.  The  various  "How'te  Fight"  manuals  are  used' as  the  basis  for  this  pro- 
cess. Second,  analysis-level  requirements  are  established  for  each  family.  The  Operations  Manudl  , FM 
100-5,  is  used  for  this  purpose  since  it  connects  and  is  the  basis  cor  all  other  manuals.  According  to  this 
manual,  battle  functions  are  classed  into  three  general  catagories:  (1)  Concentration  of  Forces,  (Cl 
Management  and  Direction  of  Battle,  and  (3)  Conduct  of  Battle.  This  function  breakout  induces  a correspon- 
ding catagori cation  of  the  analysis-level  requirements.  Th’s  is  shown  in  Table  2.  The  analysis  level 
required  by  the  FOSS  can  then  be  established  consistent  with  the  function  requirement  as  determined  by  the 
fami ly. 


TABLE  2 

FOSS  REQUIREMENT  CORRELATION 

FUNCTION  CATEGORY 

ANALYSIS  LEVEL 

CONCENTRATION  OF  FORCES 

DIVISION  AND  HIGHER 

DIR/MGMT  OF  BATTLE 

BATTALION 

CONDUCT  OF  BATTLE 

COMPANY  AND  BELOW 

FOSS  Emphasis 

The  emphasis  in  a FOSS  is  different  from  the  emphasis  in  studies  of  more  limited  scope.  Typically,  Army 
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systems  studies  are  directed  toward  examining  specific  items  of  equipment  performing  specific  tasks.  For 
these  studies  materiel  need  requirements  are  first  established  and  investigations  are  then  carried  out  to 
determine  the  operational  effectiveness  of  the  equipment.  By  contrast,  a FOSS  examines  a family  of  re- 
lated systems  performing  a broad  spectrum  of  functions.  For  example,  in  the  Engineer  FOSS  the  family  of 
Engineer  equipment  is  examined  with  respect  to  the  diversity  of  combat  support  functions  it  performs  as 
part  of  the  Combined  Arms  Team.  While  Engineer  equipment  is  not  (normally)  involved  in  “contact"  opera- 
tions, it  nevertheless  contributes  to  the  total  battle.  The  Engineer  FOSS  quantifies  this  contribution. 

There  are  other  differences  in  emphasis  between  a FOSS  and  other  studies  of  Army  systems  such  as  Cost  and 
Operational  Effectiveness  Analysis  (COEA).  The  following  list  points  out  a few  of  these  differences. 

(1)  In  a FOSS,  the  operational  concept  for  a family  of  systems  executing  its  associated  functions  is  a 
subject  for  analysis.  In  a COEA,  the  operational  concept  for  the  equipment  under  study  is  specified  and 
remains  fixed  throughout  the  study. 

(2)  In  a FOSS,  the  analysis  is  done  relative  to  a spectrum  of  combat  scenarios.  In  a COEA,  a scenario  is 
defined  and  forms  the  basis  for  the  study. 

(3)  In  a FOSS,  variable  force  structures  are  analyzed  for  their  effectiveness.  While  in  a COEA,  fixed 
force  structures,  as  defined  by  Tables  of  Organization  and  Equipment,  are  assumed. 

(4)  Finally,  in  a FOSS,  high  fidelity  in  the  analysis  parameters  .is  not  a prerequisite  to  the  study.  In 

a COEA,  on  the  other  hand,  high  fidelity  of  parameters  is  essential  in  order  to  properly  discriminate  among 
competing  systems. 

Other  distinctions  between  FOSS  and  COEA  could  be  drawn.  However,  the  ones  listed  here  serve  to  illustrate 
the  fundamental  difference  in  emphasis  between  the  two  types  of  studies. 


THE  FOSS  PROCESS 

The  FOSS  process  consists  of  two  major  parts:  (1)  the  identification  of  th  components  making  up  the  pro- 
cess and  (2)  the  development  of  an  analysis  methodology  which  permits  the  implementation  of  the  process. 

The  first  part  determines  the  generic  structure  and  procedure  of  a FOSS  while  the  second  establ;s‘es  the 
specific  mechanics  by  which  the  FOSS  can  be  executed.  Both  parts  are  pivotal,  although  complementary,  in 
the  total  FOSS  process. 

FOSS  Components 

There  are 'seven  basic  components  which  constitute  the  FOSS  process.  They  are  (1)  a generator  of  critical 
systems  issues,  (2)  the  Army  systems  MAP  program  in  conjunction  with  established  enemy  threat  capabilities, 
(3)  the  combat  systems  employment  tactics,  .(4)  a hardware  data  base,  (5)  an  inventory  of  combat  scenarios, 
(6)  a catalog  of  critical  systems  issues,  and  (7)  a repertoire  of  systems  analysis  techniques. 

These  components  fall  into  two  basic  groups.  One  group  (consisting  of  the  first  three  items  listed  above) 
includes  those  components  that  are  exogenous  to  the  FOSS  itself,  this  group  is  characterized  by  the  fact 
that  its  members  are  seif  actuators".  Differently  said,  this  means  that  the  processes  intrinsic  to  the 
components  in  this  group  in  no  way  depend  on  whether  a FOSS  is  planned,  developed  or  executed.  Indeed, 
these  components  evolve  independently  of  the  FOSS  and  are  essentially  the  “uncontrollables"  of  the  FOSS 
process. 

The  second  group  consists  of  components  that  are  endogenous  to  the  FOSS.  It  includes  the  last  four  entries 
of  the  list  given  above.  This  group  is  characterized  by  the  fact  that  the  evolution  of  the  components  con- 
tained in  it  is  completely  determined  by  the  FOSS.  In  this  sense,  the  components  in  this  group  are  wholly 
within  the  control  of  the  FOSS  analyst. 

The  interrelationship  between  the  FOSS  components  is  not  difficult  to  see.  It  is  depicted  graphically  in 
Figure  1.  Given  an  issue,  an  evaluation  is  made  to  determine  its  status.  More  specifically,  the  issue  is 
researched  to  answer  such  questions  as  (1)  Has  it  been  raised  before?,  (2)  If  yes,  under  what  circumstances 
was  it  previously  raised?,  (3)  What  was  done  to  respond  to  it?,  and  (4)  Is  it  still  a valid  issud?  If 
after  this  evaluation  the  issue  still  warrants  further  investigation,  a determination  is  made  of  appropriate 
analysis  techniques  which  can  best  aid  in  responding  to  it.  Once  the  analysis  techniques  are  identified, 
the  required  input  data  is  retrieved  from  existent  data  bases  and  the  analysis  itself  is  conducted.  The 
results  of  this  exercise  are  provided  to  Army  decision  makers  and  at  the  same  time  stored  in  an  issues 
catalog  for  future  reference  and  evaluation. 
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Phase  II  of  the  FOSS  methodology  calls  for  *he  development  of  force  structures  and  for  the  accumulation  ot 
study  data.  Forces  are  defined  in  terms  of  quantity  and  type  of  equipment  and  in  terms  of  the  organiza- 
tional  configuration  of  its  resources  (both  men  and  materiel).  Mission  and  function  Js  of  course  an  im- 
portant factor  in  this  definition.  The  study  data  base  is  compiled  using  scenario  data,  force 
organi zational  data,  and  hardware  performance  and  cost  data.  It  is  the  central  store  of  information  tor 
the  FOSS,  For  greater  ability,  the  data  base  is  further  divided  into  three  categories  of  data:  (1) 
data  on  current  inventory  equipment,  (2)  data  on  developmental  or  conceptual  systems  and  (3)  data  on 
resource  requirements  (either  manpower,  materiel,  or  time).  Phase  II  produces  an  "analysis  package" 
consisting  of  data  descriptors  for  a force,  its  organization,  its  equipment,  its  capabilities,  and  its 
set  of  required  tasks.  This  analysis  package  is  used  in  FOSS  "base  III. 

Phase  III  is  the  analytical  machinery  of  the  FOSS.  It  is  basically  a Cost-Effectiveness  Analysis  of  the 
Family  of  systems,  which  is  the  object  of  the  study.  It  sets  up  techniques  for  performing,  separately, 
a family  effectiveness  analysis  and  a family  cost  analysis.  It  also  provides  for  integrating  the  results 
of  these  efforts  into  meaningful  cost-effectiveness  ratios  which  can  be  used  for  decision  making  an  any 
of  the  levels  mentioned  earlier.  In  this  phase,  a determination  is  made  of  the  best  analytical  techniques 
to  compute  the  effectiveness  and  cost  of  the  force.  If  a model  is  available  and  it  will  adequately  sim- 
ulate the  activities  (as  specified  by  missions)  of  the  force,  it  is  used.  If  a model  is  not  avatalable, 
then  either  it  is  developed  or  some  other  analysis  device  (such  as  a war  game,  a test,  an  experiment,  etc.) 
is. used.  In  any  event,  an  analysis  tool  is  applied  to  quantify  the  MOE  and  to  compute  force  costs  so  that 
a meaningful  response  to  the  study  EEA  can  be  formulated. 

The  fourth  phase  of  the  FOSS  analysis  methodology  is  a parametric  analysis.  Here  sensitivity  analysis  of 
significant  FOSS  variables  is  conducted.  Also  done  in  this  phase  is  parameteri zation  for  the  purpose  of 
optimizing  FOSS  variables.  In  either  case,  the  “feedback"  loops  in  the  methodology  cycle  back  into  the 
analysis  at  one  or  more  points  as  shown  in  Figure  2.  This  “self-feeding"  characteristic  of  the  FOSS  meth- 
odology permits  the  greatest  possible  excursion  in  parameter  variation  and  distinguishes  the  FOSS  from  more 
traditional  COEA. 

The  fifth  and  final  phase  of  the  FOSS  methodology  calls  for  developing  a package  of  analysis  results  in  a 
form  usuable  by  decision  makers.  A discussion  of  what  such  a package  might  contain  is  given  next  under 
FOSS  contributions. 


FOSS  CONTRIBUTIONS 


The  FOSS  can  contribute  in  several  areas.  First,  it  can  provide  a description  and  giveinsight  to  current 
Army  programs.  In  particular,  the  FOSS  can  respond  to  the  question,  "What  is  the  Army  doing  in  a given 
functional  area?"  Second,  it  can  provide  a historical  persnective  to  major  system  studies  or  staff  actions 
Specifically,  it  can  be  used  to  assess  the  value  of  previou>  results  and  to  help  determine  the  present 
need  for  further  study.  Third,  the  FOSS  can  provide  an  overall  perspective  on  all  elements  cf  Arny  pro- 
grams. It  can  assist  high  level  Army  assesments  which  require  answers  to  questions  like,  "Do  tht  pieces 
of  the  program  still  fit?"  A response  to  this  question  is  especially  important  after  a new  major  system 
has  been  introduced  into  the  Army  inventory.  The  FOSS  can  certainly  be  of  value  here.  Finally,  tl,e  FOSS, 
with  its  extensive,  centralized  information  base,  can  provide  program  improvement  options  and  highlight 
areas  where  further  study  is  required. 


FOSS  ADMINISTRATION 

Administration  of  a FOSS  can  only  be  discussed  within  the  framework  of  an  organization  which  acts  as 
“sponsor"  for  the  FOSS.  For  this  reason,  this  section  addresses  the  administration  of  a FOSS  within 
TRADOC. 

Headquarters,  TRAhOf,  can  use  the  FOSS  as  a management  tool  to  assist  in  allocating  TRADOC  analysis  re- 
sources and  in  identifying  areas  in  which  new  efforts  should  be  initiated.  Further,  a periodically  updated 
FOSS  can  give  to  TRADOC  HQ  a complete  context  within  which  to  evaluate  its  various  efforts.  As  such,  the 
FOSS  can  provide  up-to-date  information  and  give  continuity  to  the  TRADOC  decision  process. 

TRADOC  schools  and  centers  can  also  benefit  from  the  FOSS.  They  can  obtain  an  analysis  vehicle  by  which 
they  can  validate  materiel  requirements,  analyze  tactics,  and  develop  doctrine.  It  will  also  provide  them 
with  the  ability  to  evaluate  all  organizational  aspects  of  systems  of  equipment. 

TRASANA  can  expect  to  have  a more  efficient  analysis  capability  as  a result  of  the  FOSS.  Specifically. 

COEA  will  require  less  manpower  and  time.  The  data  collection  burden  will  likewise  be  considerable  reduced. 
Finally,  the  experience  and  knowledge  gained  from  FOSS  should  allow  TRASANA  to  give  its  customers  a better 
quality  product. 
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FOSS  EXAMPLE’S 


In  this  section  two  examples  are  given  to  show  how  the  generic  FOSS  methodology  gets  "personalized"  in  an 
application  to  a particular  family. 

The  Aviation  FOSS 

A methodology  for  conducting  an  Aviation  FOSS  is  shown  in  Figure  3.  The  five  phases  of  the  generic  FOSS 
methodology  are  noted.  The  Aviation  Issues  Assessment  is  composed  of  the  Issue  Evaluation  and  the  Analysis- 
Level  Decision.  Issue  assessment  is  the  process  of  identifying  and  defining  critical  aviat  in  issues  in  a 
manner  suitable  for  analysts.  In  this  phjse  is  a task,  which  determines  the  level  of  analys  s required  to 
respond  to  the  study  EEA.  This  level  is  consistent  with  the  employment  doctrine  for  aviation  and  with  the 
battle  function  requirements  specified  for  aviation  units.  Next,  the  methodology  calls  for  the  compila- 
tion of  study  data.  This  is  phase  II.  It  includes  the  task  of  data  acquisition,  development  of  an 
Aviation  Systems  Data  Base,  and  the  definition  of  an  Aviation  force  structure.  The  Aviation  Systems  data 
base  contains  both  current  and  projected  aviation  systems.  Acquisition  of  data  is  done  for  those  aircraft 
and  functions  to  be  examined.  Only  data  tor  aviation  systems  capable  of  performing  the  postulated  battle 
functions  are  stored.  This  data  is  passed  on  to  the  FORCE  Development  process.  Within  Force  Development, 
the  aviation  force  under  analysis  is  structured.  Three  options  are  possible  (1)  structure  according  to 
present  TOE,  (2)  structure  according  to  a modified  TOE,  or  (3)  structure  according  to  a conceptual  TOE.  In 
any. case,  the  result  of  the  Analysis  Object  Force,  which  is  then  inputted  to  Phase  III,  Basic  Analysis. 

This  analysis  is  equivalent  to  a COEA  and  includes  an  effectiveness  analysis,  a cost  analysis  and  a 
cost/effectiveness  (C/E)  integration.  The  C/E  results  form  the  basis  to  do  parametric  analysis.  Either 
sensitivity  analysis  or  optimization  is  possible.  The  feedback  to  the  methodology  for  either  option  is 
indicated  in  Figure  3. 

Several  Aviation  FOSS  products  can  be  identified.  First,  a comprehensive  and  centralized  Aviation  Systems 
Data  Base  is  created.  This  serves  as  an  information  repository  for  all  Aviation  studies.  Second,  standard- 
ized analysis  techniques  for  aviation  studies  are  developed.  This  includes  flight  profiles.  Automated 
Force  Structuring  models,  mission  scheudlers,  etc.  These  tools  can  certainly  be  applied  to  various 
aviation  stuc.  es.  Finally  tne  Aviation  FOSS  can  validate  post  ARCSA- III  issues  and  provide  input  to  the 
upcoming  Aviation  Systems  Program  Review. 

The  Engineer  FOSS 

The  methodology  for  conducting  an  Engineer  FOSS  is  shown  in  Figure  4.  This  methodology  is.  the  basis  for  an 
on  going  effort  sponsored  by  the  Engineer  School,  Fort  Re'vOir,  VA.  A full  description  of  tnis  methodology 
is  contained  in  tho  Engineer  FOSS  Study  Plan  (Ref  5). 

The  Engineer  FOSS  methodology  parallels  the  generic  FOSS  methodology.  The  five  phases  of  the  study  are 
evident.  In  Phase  I an  evaluation  is  made  of  the  Engineer  issue,  namely  "What  is  the  contribution  of  the 
Engineer  equipment  to  the  combat  effectiveness  of  the  Combined  Arms  Team?"  This  issue  is  addressed  at  the 
division  level  in  order  to  respond  to  the  EEA  generated  by  this  issue. 

In  phase  II,  specific  scenarios  and  force  structures  are  defined.  To  this  end,  SOCRES  Europe  I,  Sequence 
2a  and  the  3rd  Armond  Division  are  .elected.  Characteristics  for  the  Engineer  equipment,  contained  in  the 
Engineer  FOSS  data  base,  are  used  to  develop  a force  structure  for  an  engineer  battalion  and  to  define  its 
corresponding  mission  requirements.  This  set  of  force  descriptors  constitutes  the  analysis  package  and 
is  used  as  imput  to  phase  III. 

Phase  III  is  an  analysis  of  the  cost  and  the  Engineer  Battalion  and  of  the  contribution  it  makes  to  total 
force  effectiveness  by  performing  its  assigned  scenario  tasks.  The  DIVWAG  and  CARMONETTE  models  are  the 
tools  used  for  this  analysis.  Force  cost  is  derived  using  the  FCIS  and  standard  costing  techniques.  In- 
tegration of  the  cost  and  effectiveness  results  is  also  done  in  this  phase. 

A sensitivity  analysis  (Phase  IV)  is  next  performed  to  determine  the  structure  of  the  Engineer  Battalion 
which  makes  the  maximum  contribution  to  the  operations  of  the  scenario  force. 

In  phase  V,  the  Engineer  FOSS  will  formulate  recommendations  based  on  the  analysis  results,  in  the  following 
areas:  (1)  Engineer  Battalion  Force  Structure,  (2)  Engineer  Battalion  Performance  Gaps,  (3)  Effectiveness 
and  utility  of  present  and  proposed  engineer  equipment,  and,  (4)  Identification  of  Engineer  tasks  in  the 
Corp  area. 

These  recommendations  constitute  the  Engineer  FOSS  products. 
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FIGURE  3 
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ABSTRACT:  The  ADRA  II  Model  is  a computer-based  set  of  programs  which 
describes  a functional  relationship  between  the  Army's  budget  and  the 
Army's  warfighting  capability.  This  relationship  allows  the  use  of  the 
ADRA  Model  in  analyzing  proposed  or  directed  budget  changes.  The  func- 
tional relationship  between  the  Army's  budget  and  Its  warfighting  cap- 
ability is  developed  in  a two  step  process.  First,  the  Army  is  viewed  as 
an  economic  system  and  the  econometric  technique  of  input-output  analysis 
is  applied  to  the  current  Army  fiscal  program.  The  input-output  analysis 
provides  an  estimate  of  the  dollar  changes  in  all  "economic  sectors"  of 
the  Army  which  would  result  from  dollar  changes  in  any  sector  of  the  bud- 
get. In  the  second  and  final  step,  the  sectors  of  the  Army  are  linked  to 
a numerical  measure  of  the  Army's  warfighting  capability.  Algorithms 
were  established  to  allocate  the  measure  of  warfighting  capability  among 
the  Army  sectors.  This  presentation  will  discuss  the  background  and  de- 
velopment of  the  ADRA  prototype  model  and  plans  for  its  future  develop- 
ment and  use  within  the  PPBS  cycle. 


SUBJECT:  Army  Dollar  Resource  Allocation  Model  - ADRA  II 
AUTHOR:  Mr.  Daniel  J.  Shedlowski 
AGENCY:  US  Army  Concepts  Analysis  Agency 

I.  Introduction.  The  ADRA  II  Model  is  a computer-based  set  of  programs 
which  describes  a functional  relationship  between  the  Army's  budget  and 
the  Army's  warfighting  capability.  This  relationship  allows  for  the  use 
of  the  ADRA  Model  in  analyzing  budget  changes  (actual  or  potential),  pre- 
paring alternatives  and  evaluating  their  impact  on  combat  capability. 

II.  Purpose.  The  ADRA  Model  provides  a link,  at  a macro  level,  between 
budget  dollars  and  capability.  Since  the  objective  of  the  Army  budget  is 
to  provide  for  combat  capability,  it  is  logical  to  expect  that  a rela- 
tionship exists  between  budget  and  capability.  The  formal  definition  of 
this  functional  relationship  via  the  ADRA  Model  provides  a valuable  ana- 
lytical tool  for  evaluation  of  budget  changes.  Since  the  relationship  is 
formally  defined  and  delineated,  it  can  be  applied,  reviewed,  and  most 
importantly,  improved. 

III.  Background,  the  formal  definition  of  a functional  relationship 
between  budget  and  combat  capability  was  first  investigated  at  CAA  in  a 
February  1976  study  sponsored  by  the  then  Under  Secretary  of  the  Army, 
Norman  Augustine.  This  study,  which  is  referred  to  as  the  "100  Day" 
study  since  it  was  completed  in  approximately  100  days,  proposed  a candi- 
date methodology  for  linking  budget  and  capability.  The  "100  Day"  study 
is  an  important  predecessor  of  the  current  ADRA  II  Study  because  it  dem- 
onstrated the  feasibility  of  establishing  a relationship  between  budget 
and  capability.  The  on-going  ADRA  II  Study  represents  a continuing  re- 
finement of  the  "100  Day"  study  methodology.  Extensive  sensitivity  test- 
ing and  in  depth  reviews  of  the  model  algorithms  were  conducted  and  re- 
ported in  an  ADRA  II  interim  report  that  was  published  in  April  1977.  An 
interactive,  self  instructional  version  of  the  ADRA  Model  has  been  trans- 
ferred to  the  headquarters.  Department  of  the  Army,  computer  environment. 
This  computer  based  model  allows  for  quick  reaction  ADRA  evaluations  in 
response  to  direct  queries  from  Army  analysts.  The  present  ADRA  II  Study 
efforts  include  continuing  investigation  into  model  refinements  and  moni- 
toring the  trial  period  of  the  ADRA  Model  in  its  usage  by  Department  of 
the  Army  staff  analysts  during  the  PPBS  cycle. 

IV.  Model  Methodology.  The  ADRA  Model  methodology  can  be  divided  into 
two  major  steps:  (l)  input-output  analysis  and  (2)  capability  analysis. 
The  following  discussion  of  these  steps  corresponds  to  the  diagram  in 
Figure  1 which  portrays  a simplified  example  of  the  operation  of  the  ADRA 
Model . 
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OUTPUT  ANALYSIS 


Fiqure  1,  ADRA  Methodology  (Simplified) 


A.  In  the  first  step  of  the  ADRA  methodology,  the  econometric  tech- 
nique of  input-output  analysis  is  utilized  to  investigate  how  a dollar 
change  in  one  area  of  the  budget  can  cause  changes  in  other  related  areas 
of  the  budget.  The  application  of  input-output  analysis  requires  that 
the  Army  be  divided  into  economic  sectors.  In  the  simplified  example 
portrayed  in  Figure  1,  the  Army,  as  represented  by  its  programed  budget 
(POM),  is  divided  into  three  support  sectors  (supply,  maintenance  and 
training)  and  one  output  sector,  division  forces.  In  the  current  ADRA 
Model,  there  are  19  sectors  for  each  of  fifteen  budget  appropriations  for 
each  of  the  five  POM  budget  years,  which  amounts  to  about  1500  individual 
sector  cells.  A two  dimensional  tableau  utilizing  the  sectors  is  con- 
structed. In  the  example  in  Figure  1,  the  first  (vertical)  dimension 
(which  is  identified  by  the  word  "FROM")  is  obtained  by  dividing  the  army 
budget  into  supply,  maintenance  and  training  sector  dollars.  The  second 
(horizontal)  dimension  (which  is  identified  by  the  word  "TO")  is  con- 
structed by  further  subdividing  each  sector's  budget  into  types  of  sector 
dollars  depending  on  which  sectors  they  support.  For  example,  the  total 
supply  dollars  can  be  grouped  into  those  supply  dollars  which  support  the 
supply  sector,  those  which  support  the  maintenance  sector,  the  training 
sector,  and  the  division  forces  sector.  The  subscripts  in  Figure  1 indi- 
cate the  two  dimensions  involved.  The  subscript  "SM"  indicates  that 
these  are  supply  sector  dollars  in  support  of  the  maintenance  sector. 

Once  the  tableau  is  filled  with  the  base  case  (POMT  budget  dollars,  the 
techniques  of  input-output  analysis  can  be  applied  to  determine  how  the 
tableau  would  change  in  response  to  a change  in  the  budget  of  a sector. 
The  fundamental  assumption  or  operating  principle  of  input-output  analy- 
sis states  that  if  the  budget  of  a sector  is  changed  by  a given  amount, 
then  the  support  dollars  it  receives  from  other  sectors  must  change  pro- 
portionately. For  example,  if  the  supply  budget  were  changed,  e.g.,  in- 
creased by  10  percent,  then  the  dollar  values  of  each  of  the  shaded  sec- 
tors in  Figure  1 would  increase  by  10  percent  also.  (The  shaded  sectors 
are  those  which  have  "S"  as  the  second  dimension  of  their  subscript). 

The  resultant  changes  to  the  supply  column  will  affect  the  amount  of  dol- 
lars available  for  the  division  forces.  The  division  forces  or  output 
column  is  a key  result  of  the  input-output  analysis  since  combat  capabil- 
ity is  ascribed  to  the  dollars  in  this  column. 

8.  The  assignment  of  a combat  capability  measure  to  the  output  column 
is  the  second  major  step  of  the  ADRA  methodology.  The  fundamental  mea- 
sure of  capability  of  the  ADRA  methodology  is  called  a Weighted  Unit 
Value  or  WUV  score.  WUV  scores  are  static  measures  of  effectiveness 
which  are  developed  at  CAA.  The  WUV  score  associated  with  a budget 
change  is  derived  by  multiplying  the  division  forces  budget  dollar  column 
obtained  from  input-output  analysis  by  a WUV  per  budget  dollar  column. 

The  WUV  per  budget  dollar  column  is  calculated  by  dividing  the  WUV  score 
of  the  base  case  division  (POM)  forces  by  the  division  forces  dollar  out- 
put column  obtained  from  the  base  case  input-output  tableau.  The  WUV 
score  associated  with  a budget  change  then  serves  as  input  data  to  a com- 
bat simulation  model  in  order  to  obtain  other  capability  measures  such  as 
change  in  Forward  Edge  of  the  Battle  Area  (FEBA)  movement,  attrition,  or 
other  appropriate  measure  of  capability.  All  capability  change  values 
output  by  the  ADRA  Model  are  expressed  in  terms  of  change  with  respect  to 
the  base  case  budget/capability. 
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V.  Model  Implementation.  The  methodology  description  in  the  previous 
paragraph  was  deliberately  simplified  in  order  to  convey  an  understanding 
of  the  fundamental  operating  principles  of  the  ADRA  Model.  However,  the 
actual  operating  model  is  highly  complex,  particularly  with  respect  to 
number  and  types  of  dimensions  involved.  For  example,  in  the  input-out- 
put analysis  portion  of  the  model  calculations  are  made  for  approximately 
1500  individual  sector  cells.  Although  the  methdology  is  much  too  com- 
plex to  allow  for  manual  calculation,  it  lends  itself  ideally  to  compu- 
terization because  of  the  predominance  of  matrix  operations  involved. 

The  system  design  of  the  computer  based  model  includes  two  separate  but 
directly  related  modes  of  operation:  (1)  a batch  mode  which  is  called 
model  calibration  and  (2)  an  interactive  mode  which  allows  for  direct 
user  inquiry  and  response.  These  two  modes  are  outlined  in  Figure  2. 

A.  In  the  calibration  or  batch  mode,  all  of  the  input-output  coeffi- 
cients (these  coefficients  indicate  the  amount  of  sector  support  dollars 
required  per  dollar  change  of  a sector  budget)  and  the  WUV  per  dollar 
factors  are  calculated  to  develop  a data  base  for  the  interactive  model. 
The  data  output  from  the  calibration  operation  only  requires  updating 
when  a new  base  case  budget  is  available.  An  update  or  recalibration  is 
usually  performed  whenever  a new  or  revised  FYDP  is  available.  The  cali- 
bration operation  also  serves  to  reduce  the  core  storage  and  calcualtion 
requirements  during  the  interactive  mode,  thereby  providing  for  quick 
response  to  user  queries. 

B.  Once  a data  base  has  been  generated  by  execution  of  the  calibra- 
tion portion  of  the  ADRA  computer-based  model,  the  interactive  portion  of 
the  model  accesses  this  data  base  to  generate  responses  to  user  queries. 
The  interactive  model  is  self  instructional  and  contains  editing  routines 
which  detect  user  entry  errors  and  indicate  corrective  actions.  The  user 
can  submit  a proposed  budget  dollar  change  to  the  model  at  any  one  or 
combination  of  three  hierarchical  levels  which  in  descending  order  are  as 
follows:  (1)  total  year  budget,  (2)  total  appropriation  budget  and  (3) 
total  sector  budget.  The  ADRA  interactive  program  will  respond  with  the 
estimated  capability  impact  associated  with  the  budget  change  entered  by 
the  user.  Since  the  input-output  analysis  requires  that  a budget  be 
specified  at  the  sector  level  of  detail,  a model  algorithm  is  used  to 
determine  sector  budget  changes  if  they  are  not  prescribed  by  .the  user. 

If  a budget  increase  is  desired  and  the  sector  detail  is  not  specified, 
the  budget  dollars  of  each  eligible  ADRA  sector  are  increased  in  direct 
proportion  to  the  base  case  budget  value  and  WUV  per  budget  dollar  value 
ascribed  to  the  sector.  If  a budget  decrease  is  desired  the  same  rule  is 
applied  with  the  exception  that  the  decrease  is  in  inverse  proportion  to 
the  WUV  per  budget  dollar  value  of  the  sector.  This  method  of  sector 
budget  selection  seeks  to  attain  the  highest  combat  capability  associated 
with  a budget  change  while  maintaining  a balance  among  the  sector  bud- 
gets. 


C.  In  using  the  interactive  model  to  evaluate  a budget  change,  the 
analyst  normally  enters  his  specific  budget  change  at  the  sector  level  of 
detail  and  receives  a response  which  indicates  the  potential  capability 
impact  associated  with  the  change.  If  the  analyst  desires  an  ADRA  gener- 
ated alternative,  he  then  enters  the  budget  change  but  does  not  specify 
the  sector,  ie.,  only  the  year  or  appropriation  dollars  are  specified. 
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BATCH  MODE:  CALIBRATION 


Finure  2,  Imolementation  of  Computer  Rased  Model 


The  interactive  moael  responds  with  an  alternative  proposal  for  the  bud- 
get change  that  was  previously  entered  at  the  sector  level  of  detail. 

The  alternative  proposal  is  presented  at  the  sector  level  of  detail  (the 
sectors  having  Deen  selected  by  the  model  algorithm)  along  with  its  esti- 
mated inpact  on  comDat  capability.  After  reviewing  the  alternative  pro- 
posed by  tne  model,  the  analyst  can  intervene  by  altering  specific  sector 
budget  values  of  the  solution  and  explore  tne  comoat  capaDility  input  of 
this  user  modified  solution.  The  user  entries  and  model  responses  are 
displayed  on  the  CRT  screen  of  the  interactive  terminal  and  an  option  for 
.1  companion  haracopy  printout  is  available. 

VI.  ADRA  Applications.  The  ADRA  is  currently  unaergoing  a period  of 
trial  usage  by  Army  Staff  analysts  with  CAA  guidance.  The  triai  period, 
which  began  aunng  the  FY  79-83  POM  program  review  pnase,  covers  one  com- 
plete POM  cycle  (see  Figure  3).  An  AORA  analysis  of  the  comDat  capabil- 
ity impact  of  the  major  issues  proposed  by  OSD  has  been  recently  com- 
pleted. Future  ADRA  applications  include  an  evaluation  of  Program  Budget 
Decisions  (PBD's)  and  POM  program  formulation  proposals,  thereby  complet- 
ing the  POM  cycle  test  period.  The  ADRA  Model  is  reclaibrated  with  each 
FYDP  update  shown  in  Figure  3.  The  ADRA  Model  is  typically  used  in  the 
POM  cycle  to  evaluated  program/ budget  changes  proposed  by  the  Army  and/or 
OSD.  The  ADRA  evaluation  consists  of  an  estimation  of  the  comDat  cap- 
ability impact  of  the  proposed  change  and  an  alternative  ADRA  plan(s) 
which  seeks  to  provide  more  combat  capability  for  the  same  dollar  amount 
of  change.  The  model  is  also  used  for  quick  reaction  evaluations  of  bud- 
get proposals  which  are  not  normally  part  of  the  POM  cycle.  Upon  comple- 
tion of  the  POM  cycle  test  period  a final  report  to  include  complete  mo- 
del documentation  will  be  published  in  March  1978. 

VII.  Example  of  ADRA  Use.  The  model  operation  can  best  be  described  by 
an  example  of  the  results  produced  by  the  model  in  the  evaluation  of  a 
proposed  buaget  change.  In  order  to  maintain  the  unclassified  nature  of 
this  paper,  the  model  input  and  output  data  is  illustrative  and  does  not 
represent  an  actual  ADRA  evaluation  of  a budget  proposal.  Assume  that  a 
decrement  to  the  Army  budget  is  proposed  by  OSD.  The  proposal  calls  for 
a total  budget  decrement  of  2.7  billion  dollars  over  the  5 POM  years  as 
outlined  in  Table  1.  The  dollar  values  by  appropriation  ana  sector  (all 
values  were  designated  for  the  division  forces  sector)  were  entered  as 
input  data  to  the  interactive  model  for  each  of  the  five  POM  years.  The 
resultant  capability  impact  is  indicated  by  the  'OSD  Directed1  line  in 
Figure  4.  The  capability  impact  is  measured  in  terms  of  the  percentage 
difference  from  the  capability  of  the  POM  base  case  force,  wnere  capabil- 
ity is  determined  Dy  comparison  of  FEBA  movement  or  attrition  results. 

Two  alternative  plans  for  the  same  budget  decrement  as  that  proposed  by 
OSD  were  generated  by  the  ADRA  Model.  The  first  alternative  maintains 
the  same  appropriation  dollar  totals  as  in  Table  1,  but  the  changes  to 
the  sector  Dudgets  within  the  appropriation  were  selected  by  the  AURA 
Model  algorithm.  This  solution  is  called  the  constrained  solution  in 
Figure  4.  The  second,  unconstrained  solution,  maintains  the  same  total 
dollar  change  for  each  of  the  years  as  in  Table  1,  but  the  AURA  Model 
algorithm  was  utilized  to  choose  both  the  appropriations  and  tne  sector 
budqet  cnanges.  The  two  ADRA  alternatives  offer  a potential  for  improved 
combat  capability  at  the  same  total  budget  decrement  level  as  proposed  by 
OSD. 


363 


Table  1.  Sample  ADRA  Input  Data 

Budget  Change  in  Millions  of  Budget  Dollars 


Appropriation 

FY  79 

FY  BO 

FY  81 

FY  82 

FY  83 

Aircraft 

-2b. 0 

-20.0 

-15.0 

-50.0 

-75.0 

Missiles 

— 

-5.0 

-50.0 

-90.0 

-100.0 

WTCV 

-- 

-15.0 

-80.0 

-100.0 

-180.0 

Ammo 

-220.0 

-220.0 

-220.0 

-350.0 

-400.0 

OPA 

— 

-5.0 

-100.0 

-180.0 

-200.0 

Total  Dollar  Change 

-245.0 

-265.0 

-465.0 

-770.0 

-955.0 

I 
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FISCAL  YEAR 


The  AURA  Model  provides  a detailed  listing  of  the  appropriation  and  sec- 
tor dollars  which  correspond  to  the  two  alternatives.  Ihus  the  AURA  Mo- 
del was  involved  in  two  roles:  (1)  the  comoat  capability  impact  of  the 
USD  change  was  evaluated  and  (<M  alternative  budgets  were  proposed  which 
indicated  potential  areas  for  budget  decrements  which  would  result  in 
improved  input  capability  over  the  USD  budget  changes. 

VI 11.  Summary . The  purpose  of  the  AURA  11  study  is  to  develop,  test  and 
implement  a methodology  to  assess  changes  in  the  Army's  capabilities  re- 
sulting from  real  or  expected  changes  in  Army  budgets.  A methodology  for 
linking  budget  to  combat  capability  has  been  developed  and  tested.  A 
computer-based  model  which  incorporates  this  methodology  has  been  imple- 
mented. The  computer-based  moael  includes  an  interactive,  self  instruc- 
tional model  interface  which  allows  direct  user  interaction  in  AURA  bud- 
get evaluations.  This  computer-based  AURA  Model  is  currently  undergoing 
trial  usage  oy  DA  staff  analysts  Tor  one  complete  ROM  cycle.  Model  de- 
velopment efforts  will  be  completd  March  14/8  with  the  preparation  of  a 
final  study  report/model  documentation. 
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(C)  study  of  Effects  ot  Alternate  Allocation  of  Army  Dollar  Resources 
at  Various  budget  Levels  - Phase  11  - Interim  Report  (U),  Army  Dollar 
Resource  Allocation  11  (AURA  11)  Interim  Report,  CAA-SR-//-1 1 , April 
19//. 

(S)  Study  ot  Effects  ot  Alternate  Allocation  ot  Army  Dollar  Resources 
at  Various  budget  Levels  (U),  " 100  Day"  Study,  CAA-SR-7o-4,  February 
19/0. 

The  Input  - Output  Structure  ot  the  US  Economy:  19o/,  Survey  ot  Cur- 
rent business,  US  liovernment  Printing  Office,  February  H/4,  pp  .'•t-so, 

(C)  Weapon  Eftectivenss  Indices/Weighted  Unit  Value  - (WE1/WUV)  (U), 
CAA-SR-7J-18,  April  19/4. 
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TITLE:  The  AMSAA /RARDE  Combat  Simulation 


AUTHOR : Stewart  J.  Kempster 

ORGANIZATION:  Royal  Armament  Research  and  Development  Establishment 

(UK),  Exchange  Scientist  at  US  Army  Materiel  Systems 
Analysis  Activity 

This  paper  presents  an  overview  of  a simulation  which  is  being  Jointly 
developed  by  the  Arty  Materiel  Systems  Analysis  Activity  (AMSAA)  in  the 
USA  and  the  Royal  Armament  Research  and  Development  Establishment  (RARDE) 
in  the  UK.  It  describes  the  structure  of  the  simulation  and  highlights 
some  of  the  major  features  of  the  models  that  have  been  incorporated  to 
date. 

First,  a brief  history  of  the  development  of  the  simulation  is  given. 

An  outline  of  the  future  activities  for  model  enhancement  is  also  given. 

SIMULATION  DEVELOPMENT 

In  late  197^,  RARDE  engaged  on  a development  plan  to  produce  a combat 
simulation  to  investigate  the  effects  of  minefields  and  barriers  on 
battalion  level  actions.  This  course  of  action  was  precipitated  by  the 
need  to  investigate  such  obstacles  and,  after  due  consideration  of  the 
extant  models,  it  was  felt  that  none  of  these  possessed  the  necessary- 
attributes  . 

The  approach  then  taken  was  to  review  a large  number  of  battle  simulations 
that  had  gained  acceptance  in  the  western  defense  communities  and  abstract 
their  best  features  to  form  one  simulation.  As  there  appeared  to  be  no 
acceptable  representation  of  minefields  and  barriers,  novel  work  was 
necessary  in  this  area. 

The  AMSAA  involvement  came  through  their  requirements  for  a mc:'~  d tailed 
combat  simulation  to  complement  their  existing  deterministic  monel;  their 
involvement  in  the  simulation  was  facilitated  by  an  Exchange  Scientist 
agreement  between  the  two  establishments. 

SIMULATION  STRUCTURE 


The  simulation  which  is  presently  evolving  is  of  the  event-sequenced 
type  since  this  approach  offered  the  flexibility  which  was  desired  to 
enable  the  representation  of  new  military  tactics  and  equipment  to  be 
achieved  as  quickly  and  easily  as  possible.  The  very  nature  of  this 
approach  ensures  that  a modular  design  is  adopted  which  formalizes  the 
interfaces  within  the  simulation. 

The  simulation  is  a Monte  Carlo  type  model  since  it  is  believed  that, 
in  many  circumstances,  the  results  of  combat  can  be  more  easily  under- 
stood than  with  the  deterministic  approach. 

One  of  the  main  features  of  the  simulation  is  the  detail  that  is  used. 
In  an  attempt  to  reduce  the  running  time  on  a computer  system,  as  much 
of  the  necessary  calculation  as  is  possible  is  performed  on  a once  and 
for  all  basis  through  a system  of  preprocessors  which  pass  relevant 
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information  to  the  main  simulation.  All  of  the  intervisibility  and  move- 
ment details  are  preprocessed  in  this  way  thus  reducing  very  significantly 
the  replication  time  of  the  simulation  within  the  computer. 

The  orders  which  determine  the  movement  of  vehicles  across  the  battlefield 
are  of  the  conditional  type  which  will  allow  the  future  course  of  action 
to  be  followed  by  one  unit  to  depend  on  tne  action  of  other  vehicles. 
Further,  the  routes  that  are  specified  foi  the  units  are  such  that  they 
include  branch  points  where  the  unit  must  make  a decision  as  to  its 
future  movement  pattern.  This  is  particularly  important  in  providing  a 
tactically  realistic  model  of  a minefield  or  barrier  encounter. 

To  ease  the  burden  of  the  analysis  of  simulation  results,  a post- 
processor is  being  designed  which  will  allow  easy  generation  of  statistics 

for  presentation. 

Presently,  the  following  models  have  been  implemented  both  within Sthe 
main  body  of  the  simulation  and  through  the  system  of  preprocessors: 

Terrain 

Movement 

Detection 

Direct  Fire 

Indirect  Fire 

Minefields  and  Barriers 

TERRAIN 

Terrain  is  modelled  through  a preprocessor  system  which  passes  details 
on  level  of  exposure  of  a target  to  a particular  observer  to  the  main 
simulation. 

The  resolution  of  the  terrain  is  theoretically  a variable  within  the 
simulation  but  the  practicalities  of  data  collection  suggest  that  spot 
heights  at  100  metre  intervals  is  that  which  will  be  used. 

For  each  observer-target  pair,  the  information  passed  to  the  simulation 
takes  the  form  of  the  existence  or  otherwise  of  a line-of-sight  and,  if 
there  is  existence,  the  amount  of  the  target  that  is  exposed  taking 
account  of  the  height  above  the  ground  of  the  observers  sensor  system  and 
the  physical  size  of  the  target  unit.  The  height  of  the  vegetation  is 
also  considered  in  this  calculation.  The  height  of  each  unit  above 
ground  zero  is  calculated  by  interpolation  from  the  terrain  height  in- 
formation that  is  supplied  to  the  preprocessor . 

For  a moving  unit,  the  information  passed  to  the  main  simulation  is  given 
when  the  unit  reaches  the  boundary  of  a grid  square  the  size  of  which  is 
defined  by  the  resolution  of  the  terrain  data  in  use. 
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MOVEMENT 


Units  are  constrained  to  move  along  prespecified  route  streams;  the 
distinction  that  must  he  made  here  is  that  route  streams  contain  branches, 
routes  that  can  be  taken  if  the  tactical  situation  dictates.  These 
branches  originate  at  decision  points,  the  route  to  be  taken  depending 
on  a prespecified  decision  plan  or  on  an  a prior  decision  that  has  been 
specified  in  the  order  set  for  the  particular  unit. 

At  present,  these  decision  points  have  been  implemented  in  conjunction 
with  minefields  and  barriers  to  determine  which  crossing  method  is  to  be 
used.  However,  a similar  methodology  could  be  used  to  model  such  events 
as  the  tactical  reaction  to  smoke  and  the  tactical  response  of  an 
attacking  formation  to  being  involved  in  an  intense  fire  fight. 

The  movement  of  vehicles  across  the  terrain  is  simulated  through  a 
preprocessor  which  takes  account  of  the  terrain  characteristics  of  the 
ground  over  which  the  unit  is  moving.  The  model  combines  the  vehicles 
weight  and  automotive  system  output  capability  with  the  soil  characteris- 
tics and  route  gradient  to  produce  a maximum  possible  speed  across  a 
particular  segment  of  a route  under  consideration.  For  a unit  to  stop 
at  a point  on  a route,  the  braking  capabilities  of  the  vehicle  are  simu- 
lated to  determine  the  point  at  which  braking  must  commence  and  the  effect 
that  this  will  have  on  the  speed  of  a unit  on  the  particular  route 
segment . 

An  investigation  of  this  model  is  presently  being  made  to  determine  its 
sensitivity  as  it  is  felt  that  it  may  be  over-complicated  in  some  areas. 
The  results  of  this  activity  are  not  presently  available. 


DETECTION 


As  mentioned  above,  lines-of-sight  begin  when  a unit  crosses  the 
boundaries  of  a square.  Fresh  calculations  are  made  when  a new  grid 
square  is  entered. 

Once  a line-of-sight  does  exist,  the  detection  process  is  triggered  by 
the  normal  search  process.  A detection  time  is  generated  by  taking  account 
of  such  conditions  as  the  posture  of  the  observing  and  target  units,  the 
range  between  the  units,  the  sensor  system  that  is  being  used  and  the 
level  c?  target  exposure.  A detection  event  is  then  scheduled  for  a 
future  time. 

However,  this  process  can  be  circumvented  by  the  trigger  of  a launch 
signature  cue.  The  same  basic  process  is  followed  but  it  is  assumed 
that,  after  a short  time,  the  process  reverts  to  the  normal  search  pro- 
cess. If  a detection  is  made  from  this  trigger,  the  time  to  detect 
suitably  reflects  that  the  search  area  has  been  restricted. 

When  the  conditions  governing  the  detection  time  significantly  change, 
for  example  when  the  target's  level  of  exposure  increases  or  decreases 
or  if  there  is  a change  in  the  crossing  component  of  its  velocity,  a 
suitable  change  is  calculated  in  the  scheduled  detection  time.  The  basis 
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of  the  statistics  employed  in  this  calculation  is  that  the  information 
gained  to  the  point  in  time  when  the  conditions  changed  is  not  lost; 
the  time  to  gain  the  present  level  of  information  in  the  new  conditions 
is  calculated  and  the  further  information  necessary  to  detect  the  unit 
is  determined  stochastically . 

When  a line-of-sight  terminates,  the  information  already  gained  is  not 
automatically  lost  whether  a detection  has  occurred  or  not.  All  informa- 
tion is  retained  for  a specified  input  time  at  which  all  is  lost  if  the 
line-of-sight  has  not  reopened. 

The  central  point  of  this  detection  model  can  best  be  described  as  the 
theory'  of  conservation  of  information. 

This  model  represents  only  visual  detection;  however,  plans  have  been 
made  to  re-specify  the  methodology  so  that  a representation  of  electro- 
optical  devices  is  achieved.  The  likely  methodology'  to  be  used  is  that 
developed  by  the  Night  Vision  Laboratories , the  details  of  which  are 
contained  in  another  of  the  symposium  papers. 

PIRECT  FIRE 


Once  a detection  has  been  made,  the  target/weapon  selection  process  is 
entered.  Here,  the  possible  weapons  and  ammunitions  that  the  firing 
unit  has  available  to  engage  the  target  (taking  account  of  past  engage- 
ments by'  depletion  of  the  stocks  of  each  round  tyrpe  which  the  unit 
originally  possessed)  are  considered  to  determine  a net  worth  figure 
for  the  potential  engagement.  The  combination  with  the  highest  worth 
is  selected  as  the  weapon, ammunition  pair  that  will  be  used. 

If  more  than  one  target  is  available,  the  same  process  as  Just  described 
is  undertaken  for  each  potential  target.  The  target  with  the  greatest 
worth  is  then  selected  to  be  engaged  but  it  is  engaged  only  if  the  worth 
as  oalculated  is  more  than  a threshhold  value. 

The  engagement  process  is  then  entered;  delays  caused  by'  the  loading 
and  laying  processes  and  the  time-of-f light  of  the  munition  are  calculated 
to  determine  the  time  at  which  the  casualty  assessment  will  take  place. 

At  this  stage,  the  obvious  checks  to  determine  that  the  line-of-sight 
remains  in  existance  are  made  to  determine  if  the  round  is  fired  and, 
if  it  is  fired,  whether  it  is  lost  by  the  target  going  out  of  the  firing 
unit's  field  of  view. 

The  casualty  assessment  generates  one  of  the  following  results: 

Miss 

Hit  no  damage 
Mobility  kill 
Firepower  kill 


Mobility  and  Firepower  kill 
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Complete  kill 

Each  of  these  results  has  a specific  effect  on  the  target  regarding  its 
future  capability  as  a combat  unit,  viz.  its  observation,  firing  and 
movement  capabilities  and  its  status  as  a future  target.  If  no  damage 
results,  i.e.,  the  casualty  assessment  determines  that  a hit-no-damage 
or  a miss  occurred,  a new  engagement  is  initiated  so  long  as  the  conditions 
of  continued  line-of-sight  existence  and  ammunition  availability  are 
satisfied. 

If  a second  round  is  fired,  a reduced  time  of  loading  and  laying  is  used 
since  only  a fine  lay  will  be  required. 

Only  an  input  number  of  rounds  may  be  fired  in  a particular  engagement; 
when  this  number  has  been  fired,  the  engagement  process  is  automatically 
terminated  and  the  search  process  continues  until  another  target,  which 
could  be  the  one  Just  vacated,  is  selected. 

INDIRECT  FIRE 


The  indirect  fire  model  incorporated  within  the  simulation  allows  the 
simulation  of  pre-planned  and  target-of -opportunity  engagements. 

The  model  simulates  the  artillery  structure  from  the  foivard  observers 
transmitting  information  to  the  fire  direction  center  who  coordinate  this 
and  transmit  fire  missions  to  the  artillery  batteries.  The  link  from 
the  forward  observer  to  the  artillery  battery  when  an  engagement  is  in 
process  is  also  simulated. 

Before  any  information  can  be  transmitted  from  one  element  of  the 
artillery  structure  to  another,  the  cocmiunication  queues  are  simulated 
to  generate  the  delays  which  can  occur. 

Presently,  the  effects  of  high  explosive  munitions  are  all  that  are 
assessed  but  the  model  has  been  designed  to  accommodate  other  types  of 
ammunition  that  could  be  available. 

The  model  as  implemented  takes  account  of  the  delivery  accuracy  of  the 
particular  artillery  systems  being  simulated  in  determining  where  the 
fired  rounds  actually  fall.  Adjustment  by  the  forward  observer  can  be 
simulated.  Also,  the  firing  rate  capabilities  of  the  batteries  is  re- 
presented in  order  to  ensure  that  the  desired  delivery  rates  are  possible. 

MINEFIELDS  AND  BARRIERS 


When  a minefield  or  barrier  is  encountered  by  a unit,  a decision  process 
is  entered  to  determine  the  method  of  crossing  or  whether  the  obstacle 
should  be  avoided  by  movement  around  it  using  a route  branch.  This  process 
involves  the  inspection  of  the  order  sets  of  the  encountering  units  to 
determine  if  an  a priori  decision  has  been  given.  If  a computed  decision 
is  to  be  made,  the  philosophy  used  is  that  of  minimization  of  delay 
taking  account  of  the  involved  unit's  capabilities  of  negotiating  the 
obstacle . 


373 


Engineer  effort  is  represented  as  a resource  vithin  the  model  and  the 
present  situation  is  inspected  to  determine  the  availability  of  the 
necessary  resources  to  improve  the  obstacle.  The  time  delay  that  the 
employment  of  engineer  support  will  cause  is  used  in  the  calculation 
of  the  method  of  negotiating  the  obstacle. 

Casualties  may  be  suit* -ed  in  crossing  a minefield.  These  are 
determined  from  the  density  of  the  minefield  or  from  the  structure 
of  the  minefield  taking  account  of  the  effective  width  of  the  tank. 
The  devices  which  a unit  has  are  assumed  to  be  deployed  and  all  other 
units  traveling  with  it  are  assumed  to  follow  a tactical  fomatior 
with  the  breaching  unit. 

The  two  minefield  representations  described  permit  simulation  of  both 
the  conventionally  laid  minefield  with  defined  types  and  positions  of 
mines  and  the  remotely  delivered  minefield  with  its  density  depending 
on  the  features  of  the  delivery  system. 

FUTURE  PLANS 


Immediate  plan.'  for  the  development  of  the  simulation  require  that 
representation  of  suppression  and  smoke  effects  be  undertaken  by  the 
US  and  a complete  representation  of  remotely  delivered  mines  be  under- 
taken by  the  US.  The  suppression  model  to  be  incorporated  has  been 
developed  by  the  UK  and  is  a representation  of  both  direct  and 
indirect  fire  effects. 

The  basis  of  the  indirect  fire  suppresssion  is  a calculation  of  the 
intensity  of  fire  being  brought  down  upon  a unit  and  has  been  developed 
from  World  War  II  data.  The  direct  fire  suppression  is  to  be  represented 
as  a function  of  miss  distance;  the  effects  in  this  representation  are 
more  subjectively  defined  because  of  the  lack  of  data  in  the  UK. 

However,  both  areas  to  be  represented  will  have  to  be  reviewed  by  the  US 
in  the  light  of  data  available  to  then  from  the  Arab-Israeli  conflicts. 

The  representation  of  smoke  effects  within  the  simulation  is  the 
other  short-term  improvement  to  be  undertaken  by  the  US.  The  develop- 
ment of  methodology  for  the  representation  of  smoke  cloud  generation, 
transport,  and  decay  is  underway  for  other  simulations  and  this  work 
will  be  used  for  this  simulation.  However,  the  suppression  effects  of 
smoke  will  need  representation  within  the  mcviel  as  will  the  representa- 
tion of  electro-optical  surveillance  devices  referred  to  above.  It  is 
anticipated  that  these  tasks  will  be  completed  by  mid-l^TS. 

The  UK  are  to  generate  a representation  of  the  use  and  effects  of 
remotely  deliverable  mines.  This  has  not  been  previously  undertaken 
as  the  indirect  fire  methodology  has  only  recently  been  incorporated 
vithin  the  simulation.  This  model  will  initially  explicitly  represent 
delivery  by  indirect  fire  units  and  direct  fire  units;  the  use  of 
helicopter  delivered  munitions  will  be  represented  inplicity  as  a combat 
resource. 
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Work  is  to  be  undertaken  in  the  simulation  administrative  area.  By 
the  end  of  1977,  a complete  sensitivity  analysis  of  the  simulation 
is  to  be  undertaken  by  the  US. 

Further,  optimization  of  the  computer  code  is  to  be  undertaken  in  an 
effort  to  increase  the  speed  and  efficiency  of  the  simulation.  Timing 
runs  are  to  be  made  to  determine  vhich  models  within  the  simulation  are 
the  most  time-consuming  so  that  those  areas  may  be  investigated  further 
to  determine  if  methodology  changes  should  be  considered  if  computer 
time  appears  to  be  a problem. 

The  development  plan  for  the  simulation  extends  until  1979  hy  which 
time  it  is  planned  that  representations  of  electronic  warfare, 
helicopters,  false  targets,  jockeying  and  reliability,  availability 
and  maintainability  are  included.  However,  the  simulation  will  be  in 
a state  whereby  studies  can  be  undertaken  using  this  as  the  major 
analytical  tool  in  early  1978. 
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TITLE:  Simulating  Combat  Under  Degraded  Visibility 


AUTHORS : Mr.  Kent  Pickett  (US  Army  Combined  Arms  Combat  Developments 
Activity),  Mr.  Thomas  Cassidy  (US  Army  Night  Vision 
Laboratory),  Mr.  Frederick  Campbell  (US  Army  Materiel 
Systems  Analysis  Activity) 

ABSTRACT : In  November  1976  a Joint  project  was  undertaken  by  the 
Army  Materiel  Systems  Analysis  Activity  (AMSAA),  the  Night  Vision 
Laboratory  (NVL),  and  the  Combined  Arms  Combat  Developments  Activity 
(CACDA)  to  produce  a combat  simulation  model  to  represent  night  combat 
The  purpose  of  this  paper  is  to  describe  the  resulting  model  and  the 
work  conducted  with  it  in  support  of  the  Joint  Technical  Coordinating 
Group /Munitions  Effectiveness  Special  Task  on  Illumination  Effective- 
ness. 

The  night  Combat  Model  represents  a battalion  attacking  a defending 
company.  The  model  was  developed  to  represent  four  facets  of  night 
combat : 


• The  effects  of  movement  and  terrain  on  both 
forces  at  night 

• The  effects  of  both  natural  (moon,  stars)  and 
artificial  (flares,  burning  vehicles)  illum- 
ination sources  on  night  combat 

• The  effects  of  vision  devices  (optical,  image 
intensifier  and  thermal)  on  the  ability  of 
crews  to  detect  and  engage  targets 

• The  resulting  attrition  of  both  forces  when 
engaged  in  a day  or  night  environment 


TITLE:  Simulating  Combat  Under  Degraded  Visibility 


AUTHORS:  Mr.  Kent  Pickett  (US  Army  Combined  Arms  Combat  Developments 
Activity  -CACDA);  Mr.  Thomas  Cassidy  (US  Army  Night  Vision 
Laboratory  - NVL);  Mr.  Frederick  Campbell  (US  Army  Materiel 
Systems  Analysis  Activity  (AMSAA) 


I.  INTRODUCTION 


A.  In  November  1976  a Joint  project  was  undertaken  by  .AMSAA,  NVL, 
and  CACDA  to  produce  a combat  simulation  model  to  represent  night 
combat.  The  purpose  of  this  paper  i3  to  describe  the  resulting  model 
and  the  work  conducted  with  it  in  support  of  the  Joint  Technical 
Coordinating  Group/Munitions  Effectiveness  Special  Task  on  Illumination 
Effectiveness . 

B.  The  Night  Combat  Model  represents  a battalion  attacking  a 
defending  company.  The  model  was  developed  to  represent  four  facets 
of  night  combat. 

1.  The  effects  of  movement  and  terrain  on  both  forces  at 
night . 

2.  The  effects  of  both  natural  (moon,  stars)  and  artificial 
(flares,  burning  vehicles)  illumination  sources  on 
night  combat. 

3.  The  effects  of  vision  devices  (optical,  image  intensifier 
and  thermal)  on  the  ability  of  crews  to  detect  and  engage 
targets . 

U.  The  resulting  attrition  of  both  forces  when  engaged  in  a 
day  or  night  environment. 

The  next  section  of  this  paper  describes  the  Night  Combat  Model  and 
how  it  was  used  to  simulate  the  battle  scenario.  The  final  section  is 
devoted  to  a discussion  of  the  results  from  a recent  study  using  the 
Night  Combat  Model. 

II.  THE  NIGHT  COMBAT  MODEL 


A.  The  basic  structure  of  the  Night  Combat  Model  is  shown  in 
Figure  1.  The  model  consists  of  four  modules  and  must  be  run  in  three 
phases  in  order  to  simulate  the  night  battle.  The  mobility  module 
(DYNTACS  movement  routine)  is  executed  first,  providing  a record  of 
the  location  of  the  elements  for  both  forces  throughout  the  battle. 

The  second  phase  consists  of  running  the  illumination  module  (COIL) 
to  calculate  the  illumination  level  at  each  element  on  the  battlefield 
throughout  the  battle.  Finally,  the  AMSAA  War  Game  (AMSWAG)  and  the 
NVL  detection  module  are  run  interactively  to  determine  the  attrition 
sustained  by  both  forces  furing  the  night  battle. 
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EXECUTION  PUA.SE  I 


Figure  1.  Logic  Structure  of  the  Night  Combat  Model 


B.  The  following  paragraphs  contain  a description  of  each  module 
with  emphasis  on  those  features  which  pertain  to  this  overall  simulation. 
References  1 through  7 provide  general,  and  in  some  cases  detailed, 
documentation  of  the  mobility,  illumination,  acquisition  and  attrition 
modules.  All  four  modules  have  been  used  in  previous  studies;  however, 
this  effort  represents  a conglomerate  of  these  models.  Weapon  systems 
with  explicit  version  devices  (optical,  image  intensifier,  and  thermal) 
can  now  respond  to  the  variable  conditions  throughout  the  war  game 
simulation 

C . The  Movement  Module 


1.  The  Movement  Module  calculates  the  tactical  movement, 
locations,  and  line-of-sight  status  of  all  elements  during  the  engage- 
ment. The  module  was  built  using  the  movement  and  line-of-sight 
subroutines  from  Dynamic  Tactical  Simulator  ( DYTITACS ) Combat  Model. 

A complete  description  of  the  model  can  be  found  in  Reference  1 of  the 
bibliography.  Consequently  only  the  most  salient  features  of  the  model 
will  be  discussed  here. 

2.  The  terrain  date  base  is  utilized  in  all  calculations  made 
by  the  model.  This  data  base  consists  of  a digitized  map  of  the  terrain 
area  describing  the  terrain  contours,  vegetation  types,  and  soil  traf- 
ficibility  in  the  battle  area.  An  example  of  the  computerized  data  base 
used  by  the  mobility  module  is  shown  in  Figure  2.  This  figure  was 
drawn  by  the  graphics  portion  of  the  mobility  module  and  represents  the 
terrain  features  as  the  model  "sees"  them. 

3.  A tactical  data  base  is  also  provided  to  the  model.  This 
data  base  represents  the  initial  locations  for  both  attacker  and  de- 
fender elements.  Points  along  the  movement  route  for  each  element  must 
also  be  provided  to  the  model.  These  points  provide  the  model  with  a 
generalized  pattern  of  the  movement.  The  actual  route  taken  by  each 
element  is  selected  by  the  model  based  on  terrain  contours , concealing 
vegetation,  and  suspected  enemy  position.  The  model  uses  the  terrain 
data  base  to  select  a route  that  minimizes  an  element's  exposure  to  a 
suspected  enemy  position.  Figures  3 and  4 show  the  movement  traces 
generated  by  the  model  for  a night  scenario.  Figure  3 shows  attacker 
and  defender  movements  during  the  first  11  minutes  of  battle.  It  will 
be  noted  that  the  TOW  in  position  10  has  begun  to  drop  back  as  a result 
of  pressure  from  the  BMP.  Movement  for  the  entire  battle  is  shown  in 
Figure  4. 


4.  Although  the  terrain  contours  have  been  deleted  from 
Figures  3 and  4 for  purposes  of  clarity,  the  model  uses  this  data  base 
in  all  movement  calculations.  The  data  base  is  also  used  to  calculate 
"line-of-sight"  between  each  attacker  and  defender  vehicle  during  the 
battle.  The  term  "line-of-sight"  is  used  in  this  paper  to  describe 
an  unobstructed  field  of  view  between  an  attacker  and  defender  element. 
In  a geometrical  sense,  the  model  draws  a line  between  an  attacker  and 
defender  element.  If  this  line  is  not  blocked  by  a terrain  or  vege- 
tation feature  then  "line-of-sight"  is  said  to  exist.  The  existence 
of  "line-of-sight"  between  two  elements  provides  only  the  opportunity 
for  detection  and  later  engagement.  It  will  be  noted  in  the  discussion 
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on  the  NVL  detection  model  that  although  line-of-sight  may  exist  oetween 
opposing  elements,  their  individual  devices  may  limit  their  detection. 


° " < — vi  une  i.me-01  -signt  mfc 

mation  provided  by  the  movement  module.  Line-of-sight  would  exist 
between  a TOW  crew  at  position  7 and  all  attacxers  moving  into  the 
shaded  areas  of  the  figure.  Figure  6 shows  the  line-of-sight  and 
possible  engagement  areas  for  the  entire  defensive  force  in  their 
initial  positions. 


6.  After  calculating  the  movement  of  the  forces  and  the 
existence  of  line-of-sight  for  each  10  seconds  of  battle  time  and 
movement  module  passes  this  information  to  COIL  (see  Figure  l).  The 
CWL  moduie  then  calculates  the  light  level  at  each  element  for  use  in 
the  NVL  detection  module.  A description  of  the  COIL  model  will  be 
found  in  the  following  paragraphs. 

D.  The  Combat  Illumination  Model  (COIL) 

1.  The  Combat  Illumination  Model  )C0IL)  was  developed  by 
he  General  Research  Corporation  in  1976  under  contract  to  the  Defense 
Advanced  Research  Projects  Agency.  The  COIL  model  serves  as  the 
Illumination  module  for  the  Night  Combat  Model.  Inputs  to  the  module 
consist  of  environment  data,  describing  the  terrain  and  the  atmosphere, 
and  a oactical  data  base  describing  flare  oositions,  their  time  of 
deployment  and  the  positions  of  all  elements  during  the  battle.  Output 
conslsts  of  a series  of  time  pnased  records,  which  give 
e o~al  illumination  level  at  each  element  on  the  battlefield. 

. ^ . 2*  The  model  calculates  the  total  ±«£Jat  each  potential 

target  in  two  pnases.  In  the  first  phase,  light  falling  directly  on 
the  target  from  all  light  sources  on  the  battlefield  is  calculated. 

ISee  Figure  I).  The  direct  beam  calculation  uses  the  terrain  data  base 
to  determine  the  existence  of  line-of-sight  between  the  source  and  the 
arge  . If  line-of-sight  exists  the  module  calculates  the  light  falling 
directly  on  the  target  after  considering  losses  due  to  atmospheric 
absorption  and  scattering. 

3‘  The  module  then  calculates  tne  amount  of  indirect  light 
falling  on  the  target  from  atmospheric  scattering  and  from  the  reflec- 
tance  of  the  terrain  and  cloud  layer.  Along  eacn  ray  emenating . from 
he  light  source  scattering  centers  are  chosen.  The  model  calculates 
7oer“°^k°/rSCattered  and  indirect  light*.  Tec*,  sum?**,*  own 

k.  The  tactical  data  base  contains  information  describing  the 
positions  of  light  sources  and  the  times  tnat  they  are  active  in  the 
battle. _ The  model  is  capable  of  playing  both  natural  (moon,  stars)  and 
artificial  sources  (flares,  searchlights,  burning  tanks).  The  tactical 
flare  positions  selected  fcr  a night  battle  are  shown  in  Figure  h. 

Typical  light  levels  were  predicted  by  the  illumination  module  from 
0.05  fc  to  0.5  fc  for  the  flare  placements  in  Figure  1*  for  the  Battle- 
field Illumination  Study  (BIS). 
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5.  Referring  again  to  Figure  4,  the  time  phase*  movement 
line-of-sight  records  and  light  levels  are  finally  passed  to  the 
AMSWAG  model  for  calculations  of  force  attrition.  The  NVL  detection 
module  has  been  incorporated  into  the  AMSWAG  model.  The  following 
paragraphs  describe  the  method  used  by  the  NVL  module  to  calculate 
acquisitions  under  various  visibility  conditions. 

E.  The  Night  Vision  Laboiatory  Detection  Module 

1.  The  NVL  detection  module  is  used  to  calculate  the 
probability  of  detection  as  a function  of  time  Pd(t)  within  AMSWAG 
each  time  line-of-sight  occurs  between  an  attacking  end  defending 
element.  The  target  acquisition  model  has  the  following  form: 

Pd(t)  = P-  Pt(m)  (1) 

where:  P^(t)  = the  probability  that  a target  will  be  detected  by  a 
searcher  in  t SGCoubS 

= the  probability  that  the  searcher  will  ever  detect  the 
target,  given  it  is  in  his  field  of  view 

Pt(m)  * the  probability  that  the  searcher  will  detect  the 
target  within  m coverages  of  the  search  area  given 
that  he  will  ever  detect  it.  Note  that  m is  a 
function  of  time. 

2.  The  probability  P^  is  a function  of  the  observer's  image 
device  characteristics,  that  is,  heat  sensing,  light  amplifying  or 
simple  magnification.  P^  is  also  a function  of  how  well  the  observer 
can  recognize  the  image  on  the  device  display  as  a target's  signature. 
The  environmental  and  device  characteristics  used  by  the  NVL  algorithm 
to  calculate  P are  illustrated  in  Figure  8.  A target  moves  into  the 
field  of  view  of  an  observer  at  range  R.  There  is  a contrast  (C) 

or  temperature  difference  (aT)  between  the  target  and  its  background 
due  to  their  respective  reflectivities  or  thermal  properties.  This 
intrinsic  contrast  or  temperature  difference  is  reduced  by  the  inter- 
vening atmosphere.  This  apparent  contrast  or  AT  is  then  what  the  device 
responds  to,  forming  an  image  on  the  display  for  the  observer.  The 
observer  in  turn  responds  to  how  he  perceives  the  objectives  within 
the  displayed  image.  The  probability,  P^,  represents  the  probability 
that  any  specific  observer  from  an  ensemble  of  observers  will  be  able  to 
detect  the  target  under  prevailing  conditions. 

3.  An  example  of  how  the  NVL  detection  model  was  used  by 
AMSWAG  in  calculating  detection  probabilities  for  the  Battlefield 
Illumination  Study  is  shown  in  Figures  9 and  10.  The  dotted  lines 
indicate  the  line-of-sight  for  a crew  searching  with  a Starlight 
Scope  from  position  The  solid  area  indicates  the  area  in  which 
BMP's  and  T.inks  can  be  detected  with  a 505  or  greater  probability 
for  a clear  atmosphere  and  partial  moonlight  conditions.  Comparison 

of  Figures  9 and  5 shows  that  physical  line-of-sight  does  notOquarantee 
detection  and  target  engagement  in  the  Night  Combat  Model.  Figure  10 
shows  the  sensitivity  of  the  model  to  changes  in  light  levels.  In 
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FIGURE  8.  Jcqulsltlon  process  simulated  by  the  NVL  detection 


this  case  the  Starlight  Scope  at  position  Jr  is  operating  under  twilight 
conditions  (this  light  level  was  often  encountered  when  all  flares  were 
active  during  the  Battlefield  Illumination  runs).  Note  that  the  50' 
detection  range  is  increased  to  2,000  m. 

U.  The  NVL  models  and  modeling  techniques  has  been  developed 
over  the  past  several  years  and  validated  against  several  field  trials 
where  the  target  signature,  atmospheric  and  sensor  information  was 
carefully  measured.  Figures  11  and  12  contain  a comparison  of  model  _ ^ 
results  and  data  collected  during  a field  test  at  Aberdeen,  Maryland.  ’ 
During  the  tests,  crews  using  thermal  viewers  from  tanks  and  antitank 
missile  systems  were  asked  to  acquire  tank  targets  located  at  various 
ranges.  All  of  the  thermal  viewers  were  prototypes  submitted  by  con- 
tractors for  test  and  evaluation.  Figure  11  shows  the  probability 
of  recognition  predicted  by  the  model  (solid  line)  and  the  data  points 
using  four  missile  thermal  viewers.  Tests  and  model  results  for  two 
tank  systems  are  shown  in  Figure  12. 

5.  The  time  dependent  part  of  the  search  equations  developed 
by  iXiG  NVL  have  the  following  form: 

P^(m)  = (l{l-Pg(to))m)  (2) 

where:  P (t  ) = the  probability  of  finding  the  target  within  the 

field  of  view  of  the  device  within  time  t0. 

m = the  number  of  times  the  observer  has  covered 
the  entire  search  fan^. 

This  equation  assumed  that  the  observer  covers  his  search  sector  in  an 
ordered  fashion  with  his  device's  field  of  view. 


Equation  (2)  is  only  defined  for  integer  values  of  m.  To  create 
the  entire  function,  the  value  of  equation  (2)  for  r scans  of  the 
search  sector  is  connected  to  the  value  of  equation  (2)  for  r+1  scans 
by  a straight  line. 

The  probability  P (t  ) that  an  observer  will  find  the  target  at  range  R, 
when  it  is  within  his  field  of  view,  as  a function  of  time  for  all 

but  thermal  viewers  is  given  by: 

Pg(tQ)  = 1-exp-fo  tQ)  (3) 

Where:  = SN^/N 

N = the  number  of  resolvable  cycles  required  for  50? 
detection  probability^ 

t = the  average  time  required  by  an  observer  to  search  one 
device  field  of  view.  Experimentation  by  NVL  indicates 
that  values  for  t lie  between  1.7  seconds  and  1.5 
seconds  for  thermal  devices  in  low  clutter  situations. 

A value  of  1,7  seconds  was  used  in  the  Battlefield 
Illumination  Study. 
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PROBABILITY  PROBABILITY 


N 


= the  number  of  resolvable  cycles  across  the  target's 
minimum  dimension. 3 


P (t  ) was  assumed  to  be  P for  thermal  viewers  because  these  devices 

O oo 

Often  display  active  targets  as  bright  objects. 


For  the  purpose  of  the  Night  Combat  Model,  the  NVL  expression  for 
P^(m) : 

Pj(m)  = (1-(1-Ps(t0))m)  Ch) 

was  approximated  by  an  exponential  expression: 

Pt(m)  = l-exp( -t/t ) (5) 


t was  not  equal  to  the  mean  search  time  determined  from  P^Cm). 
The  expression  for  £ is: 


£ = t0 


f2 


P 

s 


(6) 


Where:  9 , <t>  = the  horizontal  and  vertical  search  fields  in  degrees 

fg  = the  device  field  of  view  squared  in  degrees 
Note  that  the  time  required  to  scan  a search  field  once  is: 


If  one  assumed  (as  was  done  for  the  AMSWAG  calculations)  that  the 
observer  can  be  100#  efficient  in  his  search  pattern.  Values  of  30° 
and  20°  were  used  for  0 and  $ respectively  in  this  study.  The  fields 
of  view  for  each  of  the  study  devices  can  be  found  in  the  classified 
data  base. 

feAtu.  B 

6.  The  expressions  and  numbers  suggested  above  for  p are  the 
numbers  that  NVL  would  use  at  present  -use  to  do  search  time  calculations 
for  optical,  image  intensifier,  and  themal  devices.  However,  a few 
things  should  be  said  about  the  applicability,  validity,  and  usefulness 
of  these  numbers.  The  use  of  P^  in  equation  (l)  appears  to  be  an 
observed  phenomenon.  But  assigning  one  line  pair  for  50  percent  of 
detection  will  not  hold  for  scenes  where  targets  may  be  confused  with 
other  background  objects  (medium  or  high  clutter)  as  experienced  by 
NVL  at  Fort  Huachuca,  New  Mexico.  In  this  experiment  two  resolvable 
cycles  were  required  for  50  percent  detection. 

NVL  is  continuing  to  conduct  experiments  in  attempts  to  find  relation- 
ships between  background  target  complexity  and  the  variables  and 

the  efficiency  with  which  one  can  search  an  area  with  a device. 
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F.  The  AMSWAG  Module 

The  AMSWAG  module  is  basically  the  AMSWAG  model  (Reference  7) 
with  the  previously  described  representation  of  the  NVL  acquisition 
model  incorporated  as  a subroutine  which  is  exercised  for  each  potential 
firer-target  combination  when  line-of-sight  exists. 

The  AMSWAG  model  is  a time  sequenced  (10  second  intervals), 
force-on- force , battalion  level,  high  resolution  combat  simulation. 

This  Lanchester  theory  based  model  is  deterministic  (expecteu  value) 
in  nature  and  depicts  a deployed  attacker  maneuvering  on  fixed  routes 
of  advance  toward  the  defending  force.  The  AMSWAG  model  results  are 
presented  in  the  form  of  sequential  killer-victim  scoreboards,  ammu- 
nition expenditures,  excnange  ratios  and  percent  losses  throughout 
the  engagement . 

Several  modifications  have  been  implemented  since  the  / 

referenced  publication  , the  primary  changes  being  in  the  area  of 

target  acquisition.  For  indirect  fire  acquisition,  the  artillery  ^ 

subroutine  previously  assessed  damage  to  a unit  if  it  occupied  one  of 

several  preselected  grid  squares.  Artillery  is  now  allocated  to  a 

target  per  the  above  scheme  only  during  the  PREP  (preparatory)  fire 

stages;  during  the  assault  phases  of  combat,  the  allocation  to  a target 

is  in  accordance  with  the  acquisition  accumulated  by  units  designated 

as  forward  observers  (FO's).  Thus , line-of-sight  governs  the  target 

effect  of  artillery  instead  of  the  chance  occupancy  of  a particular 

grid  square.  Direct  fire  weapons  have  two  types  of  acquisition  based  ' 1 

on  firing  and  nonfiring  targets.  ’ ' 

The  nonfiring  acquisition,  visual  search,  employs  the  ML 
methodology . An  NVL  generated  data  base,  in  table  form,  was  employed 
in  AMSAA's  recently  completed  efforts  (Reference  8,  9)  for  the  Harry 
Diamond  Laboratory,  the  Night  Vision  Net  Technical  Assessment  (NVNTA). 

This  first  use  of  the  NVL  model  was  limited  to  three  specific  uniform 
light  levels  corresponding  in  general  to  day,  moon  and  star  conditions. 

The  AMSWAG  nodule  now  in  use  is  much  more  flexible  with  respect  to  the 
conditions  which  can  be  addressed.  Furthermore,  it  is  easily  managed 
with  respect  tc  the  device  cnaraeteristics  and  conditions  for  which 
data  exists  and,  most  important,  readily  adaptable  to  merging  new  data 
for  additional  devices  or  inserting  improved  processes  for  the 
previously  estimated  parameters. 

By  combining  the  NVL  acquisition  model  with  the  elements  of 
the  DYNTACS  mobility  preprocessor  and  the  COIL  model  into  the  overall 
AMSWAG  methodology,  a dynamic  treatment  of  variable  acquisition  processes 
has  been  achieved. 

III.  NIGHT  COMBAT  MODEL  RESULTS 

The  3attlefield  Illumination  Study  was  recently  completed  by 
the  authors  of  this  paper  and  a brief  description  of  the  scenario, 
results  and  conclusions  are  provided  herein  as  a demonstration  of  the 
model  capabilities. 
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A.  Scenario 


The  battle  occurs  between  a Red  tank  battalion  and  a Blue 
mechanized  Infantry  Company.  The  battle  terrain  is  located  in  the 
Fulda  Gap  area  approximately  5 km  East  of  Fulda.  The  Red  force 
consists  of  12  tanks  and  21  missile  launching  APC’s.  The  Blue  force 
has  1*  tanks,  5 missile  launching  vehicles  and  9 squads  with  short 
range  missile  capabilities.  The  force  locations  and  routes  are  given 
on  Figures  3 and  1*. 

The  Blue  forces  believe  that  Red's  objective  is  to  gain 
control  of  the  area  around  the  villages  of  Pilgerzell  and  Engelhelms 
in  preparation  for  a morning  attack  on  the  Fulda  railyards.  In  the 
event  of  an  overpowering  Red  force.  Blue  has  selected  secondary 
positions.  The  Blue  missile  vehicles  will  pull  back  when  Red  approaches 
within  1500  meters,  the  squads  will  remain  until  a 500  meter  separation 
exists  and  then  move. 

The  Red  force  has  been  instructed  to  deploy  in  platoons  (2 
tanks  and  3 APCs),  overrun  and  occupy  the  initial  position  of  any 
Blue  opposition  they  encounter.  Red  is  using  the  primary  and  diver- 
sionary forces  as  shown  on  Figure  3. 

Due  to  the  cloudy,  overcast  conditions  (visibility  range  at 
T km)  and  very  low  ambient  light  levels,  both  forces  have  made  pre- 
parations for  the  use  of  "on-call"  artillery  delivered  flare  illumination. 
Red  has  allocated  enough  artillery  to  continuously  illuminate  10  positions 
over  suspected  defensive  locations.  Blue  can  maintain  4 locations  over 
the  approach  routes. 

B.  Case  Considerations 

For  a particular  level  of  fire  control,  lethality  and  vulner- 
ability for  both  force  cases  were  run  with  Blue  using  optical,  image 
intensifier  and  thermal  devices  while  the  Red  force  used  image  intensi- 
fier  and  thermal  devices.  The  next  section  will  show  the  actual 
combinations  considered.  The  cases  were  run  with  Blue  employing  standard 
155  flares,  modified  flares  to  increase  light  level  ( 1/2  burst  height 
and  twice  the  candle  power)  and  using  an  IR  light  source. 

C.  Results 


Figure  13  provides  a brief  summary  of  the  end  of  game  results. 
End  of  game  was  considered  to  be  the  time  at  which  Red  occupied  the 
Blue  force's  initial  positions. 

The  primary  observations  for  the  purposes  of  this  presentation 

are: 


1.  Device  improvements  for  the  Blue  force  permitted  longer 
opening  range  engagements. 

2.  The  longer  range  openings,  lessens  the  Red  3.7:  1 vehicle 
force  ratio  advantage  and  strengthens  the  Blue  fire  control  and  exposure 
advantage. 
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BATTLEFIELD  ILLUMINATION  STUDY 


FIGURE  13.  SAMPLE  END  OF  GAME  RESULTS 
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TITLE : 


A Smoke  Effectiveness  Model 


AUTHOR : Mr.  George  Stiles  (USA  Materiel  Systems  Analysis  Activity) 

ABSTRACT ; A simple  model  of  a smoke  screen  has  been  developed  to 
predict  the  effect  of  the  smoke  on  the  effectiveness  of  electro- 
optical  systems.  The  present  model  is  restricted  to  smoke  generating 
source  which  have  a constant  output.  Transmittance  of  the  smoke  is 
computed  but  other  effects  such  as  scattering  of  sunlight  and  thermal 
radiation  are  ignored.  Some  input  data  is  given  for  use  in  the  model. 
An  example  is  discussed  to  illustrate  same  features  of  the  model. 


TITLE: 


A Smoke  Effectiveness  Model 


AUTHOR : Mr.  George  Stiles  (USA  Materiel  Systems  Analysis  Activity) 


Recommended  quantities  of  smoke  munitions  to  screen  against  visual 
observations  have  been  obtained  vith  the  aid  of  large  computer  models 
and  extensive  field  tests.  For  certain  applications,  it  would  be 
useful  to  have  a simple  model  of  a smoke  screen  which  can  be  used  on 
a small  electronic  calculator.  Applications  could  include  setting  up 
static  munitions  for  field  tests  and  predicting  the  performance  of 
electro-optical  systems  through  tactically  deployed  smoke  screens. 

DERIVATION  OF  THE  TRANSMITTANCE  FORMULA 


In  order  to  meet  the  requirements  for  simplicity,  the  model  must  be 
restricted  by  a number  of  constraints,  as  shown  in  Figure  1.  We 
assume  a smoke  cloud  with  the  simplified  shape  of  Figure  2. 

By  making  these  simplifications  it  can  be  shown  that  the  optical  trans- 
mittance through  the  cloud  in  a horizontal  direction  is  a simple 
exponential  function  of  distance  from  the  smoke  source  as  shown  in 
Figure  3. 

Attenuation  coefficients  measured  in  the  laboratory  are  shown  in 
Figure  1*.  It  is  of  interest  to  note  the  large  coefficients  of 
phosphorous  smokes  compared  to  HC  and  fog  oil  at  10.6  micrometers 
and  in  the  8-12  micrometer  range. 

Computed  values  of  the  smoke  production  rates  for  a few  smoke 
munitions  are  shown  in  Figure  5.  The  values  of  smoke  production 
rate  include  factors  to  account  for  the  mass  of  the  water  vapor 
which  condenses  to  form  the  smoke  droplets,  the  efficiency  of  the 
smoke  generation  process,  and  the  reduced  effectiveness  of  white 
phosphorous  due  to  the  formation  of  a vertical  pillar.  The  155mm 
shell  and  the  2.75  inch  rocket  are  to  be  issued  beginning  in  1980  and 
1981  respectively.  The  others  are  available  for  issue. 

Values  of  the  smoke  cloud  rise  angle  are  shown  in  Figure  6.  The  three 
values  given  were  obtained  from  field  test  data. 

RESULTS 


Computed  values  of  optical  transmittance  at  three  distances  downwind 
frcm  a single  Mark  U rocket  are  shown  in  Figure  7.  Two  lessons  can 
be  learned  from  this  results: 

1.  Transmittance  varies  over  a wide  range  in  a comparatively 
short  distance  downwind.  This  could  be  a source  of  difficulty  in 
comparing  field  measurements  with  calculations . 

2.  A suitable  smoke  screen  can  be  formed  by  placing  munitions  in 
a line  separated  by  the  distance  which  gives  the  desired  upper  value 
of  transmittance.  For  instance,  a line  of  Mark  1*  warheads  separated 
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by  15  meter  intervals  should  produce  a smoke  screen  with  a trans- 
mittance everywhere  less  than  .01  under  favorable  meteorological 
conditions.  ^ 

Figure  8 shows  a typical  arrangement  for  a field  test  with  a single 
source  of  smoke  producing  a smoke  screen  with  width  W,  height  H,  and 
transmittance  T.  The  smoke  source  must  be  placed  far  enough  upwind  that 
the  upper  edge  of  the  smoke  will  reach  height  H.  The  location  S the 
sources  thus  determined  by  height  E and  the  angle  a which  is 
determined  by  meteorological  conditions.  “ 

In  Figure  9 we  show  an  example  in  which  the  Mark  1*  rocket  warhead  nro- 
Srn“k!  °f  «sn=»ittanc.  -1  over  a width  of  50  .eters^dl  P 

a aouaL'o  TLid  It  ls  11  (neutral  conditions), 

from  the  air  ? * ^ SOUrCe  muSt  be  located  25  meters  upwind 

„,tjh  tu  ^ : In  he  upper  Rawing  we  see  that  a single  Mi* 

It  30  Pr0dUrS *  l3°0ke  cloud  which  has  a transmittance  of  .01 

test  ifST^1Thi8  SVe3  a C0Vera«e  °f  0nl^  5 metera  in  the 

a s.oha  oiouftothio^‘s^nr 

50  ™LrrsdUrfdtah?m°te  ClOUd  *°  90  "9ters  “d  30  «“  «,uir..e„ts 

Other  requirements  may  necessitate  more  complicated  solutions  such  as 
munitions  located  at  several  sites. 

Smoke  screens  specified  only  by  transmittance  may  further  degrade  electro 

* “*«•*■«  solar  radiation  Jo  tha  optS^th  »d 
by  radiating  thermal  energy  derived  from  chemical  reactions. 

SUMMARY 

SeJ^-n°f  3 Sm°ke  SCreen  described  here  may  be  used  to  obtain  estimates 

is  requirements  for  particular  applications.  When  more  accuracy 

is  required,  a more  sophisticated  model  must  be  used.  7 


II 


. i 


397 


«=D 

yy 


eg 

H* 


UJ 

O' 


CO 

Z 

o 

u 


< 

Q 


UJ 

i 

CO 

o 


Q 

Z 


2 

to 


e 


Z 

0 

I— 

u 

UJ 

CO 

1 

CO 

CO 

o 

Q£ 

U 


ex' 

UJ 

> 

o 


I— 

u 

Z 

a 

a 

UJ 

co 

o 

z 

3 

UJ 
1 

O 

z 

i 

CO 

co 

O 

<c 

os 

i— 

o 

OL 

o 

OS 

Z 

< 

U 

UJ 

z 

o 

U 

Z 

o 

o 

UJ 

UJ 

0 

g 

u 

o 

Q 

u 

UJ 

UJ 

Q 

V 

UJ 

OL 

< 
I 

o 

CO 

O' 

UJ 

$ 

O' 

UJ 

Q. 

3 

o 

$ 

g 

Q_ 

3 

z 

2 

O' 

o 

u_ 

o 

3 

Q 

3 

u 

Z 

o 

o 

UJ 

1 

1 

as 

3 

u 

u 

© 

9 

© 

9 

398 


UJ 

5 


O 

l — tu 

Z tr 

^ Q. 

Z o 

o o 

u 

co 

co  ~ 

LU 

P o 

C£  *7 
UJ 

a. 

O 

oe 

Gl 


uj 

O 

CO 


css 


< 

U 

co 

O 

z 


■hJWMH 


Figure 


o 

c 

o 

X 

•*“ 

N 

w 

9i 
a 8 

a 

O 

X 

a> 

• 

> 

ii 

II 

»-  w 


u 


< 

a: 


8 


2 

O 


U 


o 

Sc 


Q 

O 

Q> 


z s 

£ o 

< co 


I 

O 


l 

O 


LU 

O- 

lO 


O 


§ $ 
< 2 


O O S 

z z o 

£ £ u 
> ^ o 


Figure 


2o 


o 

O' 

Ou 


CO  Q_ 

oe: 

X CL. 

q-  c* 

to  ^ 

Oi 

X > 


» X 

LU  H- 

P 


<SNlO- 
7 ^ O - O 

2 0*0 


^ CO  to  CO 

CO  O ^ CM  CM 

• • • • • ^ • 
CO  CM 


8 £ S 

- n 2 


io  2 

• i 

CO  CO 


Figure 


Pi gure 


Figure 


COMBAT  ANALYSIS 


Mr.  Bruce  W.  Fowlei'  and  Mr.  l"bnald  K.  Peterson 
USAMLRADCOM 

Mr.  0.  Fred  Kezer 
USAMLRADCOM 


The  Impact  o£  Smoke  .uid  Battlefield  Obscurants  on  Tactical  Weac>ons  Systems 

Force  on  Force  (FOF)  modeling  has  become  a common  DOD  tool  for  performing 
preliminary  tactics  and  doctrine  development,  for  analyzing  cost  and 
operational  effectiveness , and  lor  analyzing  the  usability  of  research  projects 
A major  shortcoming  of  current  FOF  models  is  that  they  do  not  include  the 
effects  oi  Battlefield  Aerosols  and  Obscurants  (BAO)  in  arealistic  manner. 

In  view  of  tire  impact  of  BAO  on  SMART  weapons  systems,  a renewed  emphasis 
must  be  placed  orr  evaluating  the  position  of  the  field  commander  under 
these  conditions.  To  function  as  a highly  efiective,  fully  integrated 
military  unit,  prior  information  on  the  level  of  degradation  that  cun  be 
expected  under  these  situations  is  needed. 

In  short,  what  price  will  be  imposed  upon  a military  force  with  SMART 
weapons  by  defensive  or  offensive  use  of  HAD? 

The  emphasis  ot  this  presentation  will  be  placed  upon  demonstrating 
the  utility  and  effectiveness  of  incorporating  smoke  effects  into  FOF 
models  in  a usable,  reliable  manner. 

Historically,  tire  military  use  of  the  visible  region  predates  recorded 
history , while  the  use  of  the  Infrarod  (IR)  .ind  the  radio  (RF)  dates  irom 
the  late  1910’s.  The  millimeter  (mm)  and  the  submillimeter  (sub  mm)  regions 
have  not  yet  been  used  in  a military  sense,  currently  being  regions  of 
RSD  interest.  The  use  of  passive  countermeasures  (CMs)  has  followed  the 
deployment  of  each  region.  In  the  visible,  smoke  has  been  used  tactically 
since  at  least  the  time  of  Gustovas  Adolphus.  (1)  The  use  of  TR  and  RF 
CMs  was  common  in  the  1940’s,  in  the  latter  case  being  referred  to  as 
chaff.  These  CMs  have  all  been  based  on  one  or  more  of  three  physical 
phenomena:  absorption,  scattering,  and  emission.  lire  discussion  in  this 
paper  will  be  primarily  concerned  with  the  first  two  phenomena,  collectively 
called  extinction,  and  only  coincidentally  with  the  third  when  it  occurs 
as  a natural  result  of  implementation. 

lire  effects  of  BAO  on  military  operation  are  important  because  the 
curront  and  projected  arsenals  of  modern  weapons  systems  .ire  impregnated 
with  subsystems  that  nuke  use  of  several  wavelength  regions  of  transverse 
electromagnetic  radiation,  commonly  called  light.  This  radiation  is 
usually  discussed  in  terms  of  wavelength  regions  that  are  loosely  correlated 
with  the  equipment  necessary  for  generation  and/or  detection  of  tire 
radiation.  These  regions,  in  order  of  increasing  wavelength , .ire  the 
ultraviolet  (UV),  the  visible,  the  IR,  the  sub  mm,  the  mm,  and  tire  RF. 

Several  of  these  regions  are  in  turn  subdivided,  such  as  the  IR  and  RF. 

Because  the  UV  ,uui  RF  have  until  recently  been  used  primarily  for  Air 


Defense  arid . the  nm  and  sub  rnrn  technologies  are  still  youthful,  this  discussion 
will  be  limited  to  ir-plications  in  the  visible  and  IR  regions,  although 
much  of  the  discussion  may  be  scaled  into  the  other  regions.  The  traditional 
deliberate  CM  in  these  regions  has  been  smoke , perhaps  because  of  its 
presence  on  the  battlefield  originally  as  a coincidence  of  gunpowder  use. (2) 
Other,  coincidental  orscurants  include  dust,  fog,  haze,  rain,  snow,  and 
the  molecular  constituents  of  the  atmosphere,  both  natural  and  artificial 
in  origin.  These  obscurants  fall  into  two  catagpries,  molecular  and 
aerosol.  (3)  The  molecular  phenomenology  is  well  understood  and  enjoys  a 
highly  accurate  level  of  measurement  and  modeling.  (4) 

Aerosols  fall  into  one  or  both  of  two  catagories,  being  either 
spherical  or  not  spherical  in  shape.  Liquid  aerosols  such  as  fog  and 
many  smokes  are  genemlly  spherical,  while  rain  is  often  almost  spherical, 
being  sufficiently  larg-  to  be  deformend  by  gravity  and  aerodynamic  drag. 

Solid  aerosols  such  as  dust,  snow,  and  atmospheric  haze  are  generally 
not  spherical,  although  it  has  been  traditionally  assumed  that  these 
aerosols  may  be  considered  as  spherical  in  sufficiently  large,  randomly 
oriented  numbers.  (5)  The  extinction  properties  of  a single  spherical 
particle  have  been  elucidated  by  Mie  (6)  and  those  of  a group  of 
independent  spherical  particles  have  been  developed  by  Dei rmendj ian . (7) 

The  properties  of  non  spherical  particles  are  currently  under  investigation 
at  several  laboratories.  (8) 

Given  the  extinction  properties  of  the  aerosol  media,  it  is  necessary 
to  know  the  transport  properties  of  the  appropriate  wavelength  light  through 
the  media.  This  is  an  area  that  has  been  and  is  still  being  extensively 
studied  both  experimentally  (9)  and  theoretically.  (10)  One  of  the 
current  problems  hampering  these  investigations  is  the  correlation  of 
the  experimental  data  with  the  theoretical  models.  This  difficulty 
arises  not  only  from  the  complexity  of  the  models  but  also  from  the 
incompleteness  of  the  data.  While  it  is  not  possible  at  this  time  to 
validate  the  propagation  models  with  any  high  degree  of  satisfaction,  there 
is  adequate  experimental  data  to  construct  interim  parametric  models  for 
use  in  FOF  models.  This  alternative  will  be  shown  to  be  consistent  with 
the  needs  of  the  systems  analysts 

Once  the  light  transport  properties  of  the  aerosol-atmosphere  media 
have  been  elucidated,  it  remains  to  model  the  sensor-target -background 
system.  This  modeling  depends  on  the  sensor  system  to  be  considered. 

If  a passive  imaging  system  such  as  the  human  eye,  near  IR  TV  system, 
or  a FLIRis  to  be  analyzed,  both  the  intensity  and  the  contrast  of  the 
target  and  the  background  must  be  considered.  (11)  If  the  performance 
of  a laser  designator  is  to  be  analyzed,  the  beam  spread,  spillover,  and 
pulse  stretching  must  be  considered.  (12)  Fortunately,  accurate  sensor 
models  for  many  sensors  already  exist  that  may  be  used  for  this  type  of 
analysis.  (13) 

The  implementation  of  smoke  effects  into  FOF  models  is  complicated 
by  two  factors: 

Existing  FOF  models  are  long,  requiring  extensive  computer 
memory,  run  time,  and  analysis  effort. 

Existing  smoke  models  are  also  long,  requiring  extensive 
computer  memory  and  iun  time,  and  are  inadequately 
supported  by  experimental  data. 
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Concolidation  of  these  models  without  forethougnt  results  in  a model  of 
such  complexity  and  size  as  to  preclude  its  use  as  a viable,  relevant 
tool  for  the  systems  analyst. 

The  existing  FOF  models  are  extremely  large  in  terms  of  computer 
memory  requirements  and  execute  in  greater  than  real  time.  Thus  the 
inclusion  of  a BAO  capability  within  the  FOF  model  should  significantly 
increase  neither  the  memory  requir-ments  nor  the  run  time.  The  existing 
Mie-Deirmenbj ian  codes  require  several  octal  decades  of  core  and  several 
seconds  of  run  time  per  aerosol.  Existing  radiation  transport  codes 
either  require  sufficient  core  to  preclude  their  execution  on  most  computers 
or  require  excessive  run  time.  These  radiation  transport  code  also  admit 
changes  only  in  the  concentration  of  aerosol  in  the  media  and  not  changes 
in  the  micro-structure  of  the  aerosol.  Even  realistic  codes  modeling 
the  concentration  changes  in  time  and  space  are  not  small  and  require 
run  time  that  is  proportional  to  their  accuracy.  While  this  flexibility 
could  be  incorporated  into  the  smaller,  longer  running  radiation  trans- 
port codes  at  the  expense  of  increasing  the  run  time  by  at  least  one 
order  of  nagnitude,  it  has  not  been  seriously  attempted  to  date.  As  a 
natter  of  speculation,  it  will  probably  be  necessary  to  incorporate  this 
flexibility  to  reconcile  the  models  with  the  experimental  data. 

Even  with  the  existing  Mie-Deirmend j ian  codes,  the  concentration  codes , 
the  radiation  transport  codes,  and  the  sensor  codes,  brute  force  addition 
of  smoke  capability  to  the  FOF  models  would  result  in  an  increase  of 
core  and  run  time  requirements  of  such  extent  as  to  preclude  any  extensive 
or  useful  analysis.  Thus,  BAO  capability  must  be  implemented  in  a 
manner  that  does  not  require  either  extensive  additional  core  or  run  time. 

This  situation  may  be  mitigated  by  recognition  of  the  basic  accuracy 
limitations  of  the  FOF  models  and  the  necessary  smoke  effects  observables 
for  characterization  of  detector/sensor  performance.  The  approximations 
extant  in  the  FOF  models  allow  only  certain  munitions,  ranges  and 
meteorological  conditions  to  be  considered  important,  while  the  types 
of  smoke  effects  that  must  be  considered  are  limited  to  those  that  alter 
the  performance  of  the  deployed  (present  and  projected)  sensors  on  time 
scales  consistent  with  the  FOF  models. 

The  overall  alteration  of  a weapons  systems'  performance  by  all 
the  smoke  effects  relevant  to  the  detector/ sensor  subsystem  may  be 
quantified  as  a parametric  function  of  the  known  physical  properties 
expressed  in  the  form  of  class  variables.  Specifically,  the  function 
P(j,  R,  X,  AX,1,  n,  {M},  {T} , {B},  t,  t')  is  the  relative  performance 
of  thg  dStector/sensor  j (e.g.  FLIR)  of  wavelength  band  AX (e.g.  8— 12p ) 
of  a weapons  system  operating  against  a target  of  type  1 (e.g.  M-60) 
at  position  R (e.g.  3 km  N)  and  time  t (e.g.  now)  against  a background 
{ B)  (e.g.  heAvy  woods)  across  terrain  (T)  (e.g.  rolling  grassy  hills) 

with  meteorology  (H)  (e.g.  Pasquil  catagory  F,  etc.)  in  the  presence 

of  a smoke  munition  of  type  n (e.g.  155mm  HC)  deployed  at  position  X 
(e.g.  10  m in  front  of  target)  at  time  t'  (e.g.  now  minus  5 sec.) 

This  function  may  be  further  parametrized,  if  necessary,  on  the 
basis  of  the  operational  mode  of  the  sensor.  This  necessity  may  be 
seen  by  considering  the  special  case  of  a FLIR  being  used  to  search  for  a 
tank  target  which  has  been  equipped  with  an  onboard  selfprotective  smoke 
system.  If  the  tank  has  not  teen  detected,  but  is  in  the  FLIR  FOV 


when  the  smoke  is  deployed,  there  is  some  high  probability  of  the  I UR 
operator  detecting  the  smoke  and  thereby  being  cued  to  the  probable 
presence  of  a target.  In  this  case,  the  detection  of  the  tank  after  the 
smoke  clears  will  probably  occur  sooner  than  if  no  smoke  had  been  deployed. 
If  the  tank  had  been  detected  prior  to  smoke  deployment,  and  is  being 
tracked,  there  is  a probability  that  track  will  be  lost  when  the  snake  is 
deployed,  and  the  target  must  be  redetected  and  tracked  when  the  smoke 
clears. 

The  use  of  the  performance  function  F may  be  seen  in  the  latter 
case  described  above.  If  the  probability  of  maintaining  track  on  the 
target  in  the  ansence  of  smoke  (but  all  other  conditions  being  the  same) 
is  FT (clear)  or  the  probability  of  recognition  is  PR(clear) , then  PT(smoke) 
and  PR(smoke)  are  equal  to  PT(clear)  P and  PR(clear)  P,  respectively. 

ITiese  performance  functions  may  be  developed  inom  the  smoke  models 
or  in  a more  limited  sense,  from  experimental  data.  The  latter  method 
has  the  advantage  that  the  data  is  trustworthy,  but  has  the  disadvantage 
that  the  data  are  invariable  and  limited  in  scope.  The  former  method 
offers  greater  flexibility,  allowing  performance  estimations  for  smokes 
and  sensors /detectors  that  have  not  been  experimentally  tested,  but  has 
the  current  disadvantage  of  being  poorly  correlated  with  the  existing 
experimental  data.  Since  the  primary  purpose  of  this  paper  is  a dis- 
cussion of  the  method  of  simulating  smoke  in  EOF  models,  further,  detailed 
descriptions  of  the  generation  of  the  exact  performance  functions  is 
not  germane.  Therefore,  this  description  will  be  left  to  other  papers 
and  it  will  be  assumed  that  the  perofrmance  functions  can  (and  have) 
been  generated,  and  the  further  discussion  can  be  primarily  concerned 
with  the  general  form  of  the  performance  functions  and  their  use. 

If  a generic  far  IR  FUR  is  considered,  two  representative  per- 
formance functions  (shown  only  as  time  variable)  are  shown  in  Figures  (1) 
and  (2).  As  has  been  previously  indicated,  several  of  the  variables 
of  the  performance  function  are  class  variables;  the  performance  function 
is  insensitive  to  rather  extreme  variation  in  these  variables;  indeed, 
this  is  the  whole  basis  of  the  parame tr i sat ion . Figure  (1)  shows  the 
general  form  of  the  performance  function  when  pyrotechnic  smoke  is 
deployed  between  the  target  and  the  FL1R  at  some  nominal  range,  meteorology , 
terrain,  etc.  when  the  smoke  is  deployed  either'  along  the  line  of 
sight  to  the  target  or  to  the  left  of  the  line  of  sight  (relative  to  the 
FLIR)  but  still  in  the  POV.  The  deployment  time  of  the  smoke  is  marked. 

It  may  be  seen  that  before  the  smoke  is  deployed,  the  performance  of 
the  FLIR  is  not  effected  by  this  smoke  munition.  When  the  smoke  is  de- 
ployed, the  performance  is  degraded,  in  this  case  to  zero.  The  performance 
remains  zero  until  smoke  combustion  is  complete  mid  if  the  smoke  is  dense 
enough,  it  remains  zero  beyond  the  end  of  combustion.  If  the  smoke  is 
not  completely  formed  before  combustion  is  complete,  the  performance 
function  nay  rise  above  zero  when  combustion  is  complete  but  fall  again 
as  the  smoke  completes  its  formation.  After  the  smoke  has  completed 
combustion  and  formation,  it  begins  to  diffuse  and  dissipate,  .and  the 
performance  curve  rises  back  up  to  one.  In  general,  the  time  scales 
envolved  are  primarily  dependent  on  the  munition  type  (ergo  size  and 
smoke  material,)  placement,  and  local  meteorology.  If  multiple  rounds 
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of  the  munition  are  used,  the  overall  effect  is  approximately  the  product 
of  the  performance  functions  for  each  smoke  munition,  assuming  that  the 
individual  smoke  clouds  do  not  interact  with  each  other. 

The  effect  of  munition  placement  nay  be  seen  (Figure  (2))  when  the 
smoke  is  deployed  to  the  right  of  the  line  of  sight  or  just  outside  the 
FLIR  FOV.  Here  the  performance  does  not  drop  off  as  rapidly  because  the 
combustion  does  not  immediately  effect  the  FLIR,  but  the  smoke  does. 

As  before,  the  performance  of  the  FLIR  is  degraded  by  the  smoke  that 
eventually  disperses.  It  should  be  noted  that  the  length  of  time  that 
■Tie  smoke  completely  degrades  the  FLIR's  performance  depends  on  several 
variables  and  in  cases  where  the  smoke  munition  is  deployed  outside  the 
FLIR  FOV  and  only  some  of  the  smoke  cloud  diffuses  into  the  FOV,  the 
performance  nay  not  be  completely  degraded. 

Conceivably,  non  conventional,  spectrally  selective  smokes/obscurants 
could  be  developed.  As  an  example,  smoke  that  is  more  effective  in  the 
visible  and  the  far  IR  than  in  the  mid  IR  might  have  a performance  function 
such  as  is  shown  in  Figure  (3).  This  performance  function  shows  the  greater 
degradation  of  the  visible  and  FLIR  type  sensors  over  the  mid  IR  sensors. 

It  may  be  noted  that  this  curve  demonstrates  a sharp  cut-off  of  performance 
followed  by  a period  of  consistent  degradation  and  a diffuse  tail  off  to 
no  degradation.  This  behavior  is  based  on  tire  hypothesis  that  a spectrally 
selective  smoke/obscurant  such  as  this  would  not  be  hygroscopic,  but 
would  almost  instantly  be  dispersed  and  only  gradually  relieved  by  diff- 
usion and  settling. 

A problem  of  common  interest  is  that  of  smoke  that  is  spread  homo- 
geneously over  the  battlefield  and  maintained.  This  commonality  is  largely 
due  to  the  fact  that  this  is  the  easiest  smoke  effect  to  model  because  the 
smoke  tends  to  be  well  behaved  with  respect  to  the  class  variables.  The 
performance  function  for  this  case  when  all  thermal  sources  are  out  of 
the  FOV  is  demonstrated  in  Figure  (4)  for  the  eye  and  the  FLIR.  This  may 
be  compared  with  Figure  (3)  to  demonstrate  the  spectral  selectivity  of 
the  non  conventional  smoke  compared  to  a conventional  smoke,  lire  wave- 
length dependence  of  the  performance  is  common  to  many  smokes.  Tire  snake 
is,  of  course,  sufficiently  thin  for  this  set  of  variables  used  for  Figure 
(4),  that  performance  is  not  completely  degraded. 

Because  of  the  simplicity  of  modeling  this  type  of  smoke,  initial 
test  simulations  were  performed  using  a MIRADCOM  program,  PERTAM  (PERfoimance 
Tank-Antitank  Model).  (14,15)  This  model  is  air  extremely  simple  simulation 
of  conflict  between  one  ATOM  site  and  three  tanks.  Four  cases  were  considered; 
unaided  eye,  ATOM  site  with  FLIR,  Tanks  with  FLIRs,  and  both  ATOM  site  and 
Tanks  with  FLIRs.  The  smoke  density  was  sufficiently  thin  to  permit 
1200  m visibility.  This  density  was  chosen  so  that  generic  FLIR  performance 
in  the  smoke  would  be  approximately  equal  to  eye  performance  without  smoke. 
Three  parameters  were  calculated  as  functions  of  ATGM  reload  time;  the 
probability  of  ATGM  site  being  destroyed,  the  expected  standoff  range  of 
the  engagement , and  the  expected  number  of  tanks  destroyed  per  engagement. 

These  parameters  are  shown  in  Figure  (5).  It  may  be  seen  that  while 
equiping  a tank  with  a FLIR  improves  its  performance  in  a smoke  environ- 
ment regardless  of  whether  the  ATGM  site  has  a FLIR  or  not , this 
.improvement  is  apparently  not  as  significant  as  that  realized  by 
equiping  the  ATGM  site  with  a FLIR. 
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Figure (1).  Performance  function  of  generic  FI  TR 
sightSrn°ke  1S  deployed  alonR  target-FLIR  line  o 


Figure ( 2 ) . Performance  function  of  generic  FUR 
when  smoke  is  deployed  outside  FLIR  FGV. 
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FIGURE  5 


TITLE:  Battlefield  Electrooptical  System  Effectiveness  Model 

Study 

AUTHORS:  Dr.  Ralph  Zirkind,  Mr.  Richard  E.  Forrester  and  Mr. 

Adrian  G.  Linz 


ABSTRACT : The  results  of  an  on-going  program  to  develop  an  integrated 

model  to  measure  the  effectiveness  of  electrooptical  systems  in  land 
combat  are  presented.  In  particular,  we  discuss  the  target  acquisition 
algorithms  for  passive  systems,  their  insertion  into  CARHONETTE  and  the 
necessary  changes  to  CARHONETTE  for  their  accommodation.  Finally,  the 
results  of  several  simulations  are  presented. 
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HAITI. KKI  KI.P  KI.KCTROOI’TICAI,  SYSTKM  Kl'TKCT  1 VKNKSS  MOHI.l.  STUUY 


1)!'.  Ralph  Zirkfnd,  Mr.  Kir  hard  K.  Forrester 
and  Mr.  Adrian  C . I, In/.* 

(lienor  a l Research  Corporation  and  Night  Vision  l.aborat  orv) 


L.  Intjodaicl  ion:  This  research  program  was  initiated  in  1474  and  has 
as  an  overall  objective  the  development  of  a tactical  elect roopt iea 1 
ot  I cot  ivenoss  model  whore  el  I eel  Iveness  was  t «.>  be  measured  in  the  eomhat 
simulation  model,  CARMONITTK.  **  The  first  phase  efforts  are  reported 
i n Re f . I . 

The  results  of  the  I’hase  1 studv  were  encouraging  enough  t o plan 
under  I’hase  11  for  the  actual  programmed  inclusion  ol  a search  model 
into  CARMONKTT K.  and  to  refine  the  search  model  itself. 

At  l lie  initiation  of  Phase  11,  Ur.  /.irklnd  developed  a new  search/ 
detection  model  and  a recognition  model.  These  algorithms  were  examined 
and  validated  by  NV1.  within  their  range  of  applicability.  These  inclu- 
sions were  made  under  I’hase  11. 

As  an  Integral  part  of  the  CARMONKITK  simulation  they  necessitated 
additional  mod i I icat ions  to  the  simulation  so  that  the  parameters  neces- 
sary to  the  search  model  would  bo  available  as  needed.  These  parameters 
included  such  things  as  a definition  of  the  sectei  ol  responsibility  for 
each  combat  unit,  the  amount  ot  unmasked  laud  in  his  sector  that  was 
visible  t o him  (available  for  search),  calculations  ol  intrinsic  contrast 
and  atmospheric  attenuation  of  that  contrast,  and  a drastic  modification 
ol  tin-  comparison  ol  random  number  with  probability  of  target  acquisition 
to  determine  when  the  latter  occurred. 

during  197b,  the  programming  chang's  to  the  CARMONKTT K model  were 
made  and  debugged.  Combat  simulations  were  then  performed  as  further 
tests  ot  the  new  1 v-comb ( nod  model.  Three  cases  ol  nighttime  combat 
resulted  employing  Image  Intensitier  and  Thermal  devices  in  low-echelon 
combat  . 

The  evolving  search  model  simulation  was  gaining,  credibility  and 
included  many  of  the  properties  necessary  to  a good  simulation  ot  the 
search  process  in  a combat  sett ing.  It  included  a t imelv  description 
ot  the  area  ot  search  for  each  combatant  with  that  area  changing  as  a 
fund  ton  of  knowledge  gained.  It  handled  eumulat  ive  probabilit ies  ol 


*Mr . Adrian  (!.  Kin/.,  Chid  , AIM’  Stall  , Vis  ionics  Technical  Area,  NVi,, 
Fort  If  el  voir. 

**Kor  a complete  description  ot  the  CARMONITTK  model,  one  is  referred 
to  "CAKMONKTTK."  In  three  volumes,  November  1974,  prepared  bv  CRC-0A1) 
under  Contract  HAM'.  )9-74-C-0128  for  US  Army  Combat  Analysis  Agency. 
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detection  and  recognition  as  a function  of  time  over  stretches  of  inter- 
vislbliity  between  opposing  combatants  (incorporating  changing  parameters 
automatically).  It  addressed  the  clutter  problem  in  a simplified  form. 

And  at  the  center  of  each  calculation  was  the  search  model  fully  incorpo- 
rated for  thermal  and  image  intensifier  devices.  The  results  are  reported 
fully  in  Kef.  2. 

This  paper  is  divided  into  two  parts:  (1)  the  details  of  the  target 
acquisition  algorithms;  and  (2)  the  changes  to  CARMONETTE  and  the  results 
of  several  simulations.  Finally,  some  observations  about  smoke  are 
presented . 

2.  Target  Acquis  1 cion  Algorithms:  A set  of  algorithms  was  developed  by 
one  of  the  authors  (R.  Zirkind)  for  the  detection  and  recognition  of  tar- 
gets in  area  search  when  optical/electrooptical  devices  are  employed.* 
These  are  now  discussed. 


The  cumulative  probability  of  detection  P.(t)  for  random  search  of 
a real  scene  by  an  observer  employing  an  electroopt ical  device,  e.g., 
image  intensifier,  TV  or  FLIR,  where  the  scene  information  is  displayed 
is  given  by 


Pd(t) 


Pro<r)  1 


-(nt/iNk) 

e 


(l) 


where 


T (r)  = the  probability  at  range,  r,  for  unlimited 
viewing  time 

I = mean  time  to  detection  in  uncluttered  scene 
H = scan  efficiency  if  scene  area > projected  area 

N = area  of  scene/projected  area  of  field  of  view  >_  1 

k = clutter  term 

n =0.55  for  0.1  ft-L  < B < 10  ft-L 


A study  of  available  literature  has  yielded  an  expression  for  the 
mean  time,  i,  namely 


„ c„  , .016 
rD  " °-52  + h1 0 


eD 


0*  • C‘  lin 


in  seconds 


(2) 


where  ‘Mx) 
X 
Cr 

°D 

0*1* 

C 

B 


normal  probability  integral 

(Cr— 1 ) / . 48 

target  contrast /threshold  contrast 

angular  subtense  of  display,  degrees 

angular  subtense  of  target,  degrees 

percent  contrast  (target-background /background) 

scene  or  display  luminance  in  ft-Lamberts 


The  threshold  contrast  is  defined  here  to  be  2.65  times  t lie  value  proposed 
by  Blackwell. 


*A  complete  derivation  of 
in  a forthcoming  issue  of 


the  algorithms  and  validation  will  be  published 
the  Journal  of  Defense  Research. 
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The  scan  efficiency  has  been  estimated  to  be  given  by  the  expression 


1 

i+N 


or,  N -*■  ",  lim  n "*■  o.5.  The  latter  is  in  agreement  with  observations 
at  Fort  Ord  (CDEC). 


Finally,  In  the  event  clutter  is  present,  that  is,  target-like  objects 
in  the  f ield-of-view,  the  mean  time  T in  Eq  (2)  will  increase  by  the 
factor  k.  This  factor  is  defined  in  Eq  (3) 


k = V exp 


il 2 

[ ( 1+AO)  • (1+AC) 


(3) 


where  V = number  of  clutter  points,  V>1 

AG  = the  ratio,  angular  subtense  difference  between  the 
true  target  and  non-target  : angular  subtense  of 
true  target 

AC  = the  ratio,  contrast  difference  between  target  and 
non-target  •'  contrast  of  the  true  target 


In  a similar  fashion  an  algorithm  for  the  mean  time  for  recognition 
has  been  developed.  It  is  given  by 


Tp  = 0.52  + 
k 


(C-2.34) 


.639 


/ l-t>5  \ 

[exp(  Q -1/ 


-3.02 


, in  seconds  (4) 


where  v * no.  of  target-like  objects  (targets  and  clutter)  in 
field  of  view 
C = percent  contrast 
0 = target  size  in  milliradians 

The  cumulative  probability  of  recognition  is  then 

PR(t)  = Pro( recognition)  | 1-e  tr J 

The  above  can  be  applied  to  eye  if  we  assume  the  eye  subtends 
about  20° . 


Let  us  now  consider  the  evaluation  of  several  parameters  in  Eq  2, 
namely  n,  contrast,  C,  and  target  size,  tXj.. 

The  exponent  n is  a function  of  scene  or  display  luminance  and  in  the 
event  the  latter  exceeds  10  ft-L  then  n - .75  for  values  of  10  f t-L  •- B s.  100 
ft-L. 

For  a real  scene  we  are  interested  in  the  contrast  received  by  the 
observer,  Cr.  Let  us  define  the  intrinsic  contrast  C0,  the  contrast  at 
the  target  for  a device  witli  a photocathode  (TV,  image  intensifier,  etc.) 

as 
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Mo  "M, 


1_2 


M, 


where  CQ  = 
= 

M2  = 


intrinsic  contrast 

image  intensifier  background  reflectance  (function 
of  concealment) 

image  intensifier  target  reflectance 


The  received  contrast,  Cr  is  then  in  percent 


where 


77-5-  (*  100)  (6) 

K3F2 
1 + CgTM! 


h 

as 

°a 

R 

B(X) 

Q(X) 


1 - e °s  (scattered  component) 

\ (1 + Rg)  (sky-ground  ratio) 

-(as  + aa)R  (atmospheric  transmittance) 

1 r0*9 

— IB(X)Q(X)  dX(flux  density) 

the  reflectance  of  the  ground 

atmospheric  scattering  coefficient 

atmospheric  absorption  coefficient 

range  to  target  in  meters  watts 

spectral  radiance  of  the  night  sky  in  — r — — j 

cm  -steradian -micron 

spectral  sensitivity  of  the  photocathode 

in  amperes /watt 

electron  charge  in  coulombs 


Clearly  the  factors  in  Eq  6 depend  upon  the  environment,  the  scene 
and  the  device  characteristics.  In  the  latter  case,  we  have  assumed  no 
contrast  loss  through  the  device.  Finally,  the  display  luminance  (ft-L) 
for  the  image  intensifier  is  given  by 

B = .093  GA  (7) 

where  G = the  light-flux  gain  of  the  Image  Intensifier,  in 
f t-L/f t-candles  (an  input  value:  G~3.5xl05) 


and  A = j2  J B^K^R^dA  *n  lumens/m2*l 

0 0.4 

0.9 

‘ 7854  7f>  / 

0.4 

where  y * device  transmission  (typical  value  = 0.92) 
fn  = image  intensifier  system  f-number 
(typical  value  is  1.6) 
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K^  = photopic  luminosity  curve  in  lumens/watt 
B^  = night  sky  brightness  in  watts/ (cm2 ) (p)  (Si) 

Rg^=  background  reflectance  and  is  a function  of  X 
and  of  the  concealment  index  of  the  square 
occupied  by  the  target 

The  procedure  for  a thermal  viewer  is  different  and  is  now  presented. 
The  display  contrast,  Cr,  in  percent  is  calculated  as  follows: 

Cr  = (S11RV)  • (MEAT)  • Cs  • 100  (8) 

(SNRV)  . (NEAT)  = Te*  A* (TF)h(TF) v | eTAT+(eT-eB)Tg/ 4 | 


where  (SNRV)  = signal-to-noise  ratio,  video 

(NEAT)  = noise  equivalent  temperature  difference 
Te  = effective  atmosphere/optics  transmittance 
(TF)h  v = amplitude  response  function;  horizontal,  vertical 
A = fraction  of  target  cross-sectional  area  if 
less  than  resolution  element  area 
e^  = mean  target  emittance 
eg  = mean  background  emittance 
AT  = temperature  difference  between  target  and 
background  in  degrees  Celcius 
Tg  = background  temperature  of  battlefield  in 
degrees  Kelvin 

Cg  = contrast  at  display  saturation 
-(.OOOjbRHJ  . _ 

Te  = xQe  0 (attenuation  is  a practical  fit 

to  available  data) 

H0  = amount  of  precipitable  water  (units  of  cm)  in  a 

horizontal  column  of  atmosphere  of  1 km  in  length 
(calculated  in  preprocessor  from  input  temp,  and 
humidity) 

TQ  = a system  parameter  of  the  device 
R = range  to  target  in  meters 

The  display  luminance  is  considered  to  be  10  ft-L;  however  can  be 
adjusted  to  fit  actual  values.  Current  values  for  CRTs  £ 50  ft-L 

Now  let  us  consider  the  calculation  of  the  displayed  target  size,  Of, 
and  consider  first  the  thermal  viewer. 


The  angle,  0T,  subtended  by  the  displayed  target  is  calculated  as 
follows: 

WTD  + HTD 


0-j.  = 


2d 


D 


(120!) 


(9a) 


where 


WTD 

W'p 

, 180 

= X 

(F0V)az 

7T 

HTD 

DV 

180 

= T 

(F0V)el 

IT 

>AZ 

= device  field-of-vit 
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Wj  = observed  target  width  in  meters 
Ht  * observed  target  height  in  meters 
R =*  range  to  target  in  meters 

Djl  v = display  dimensions,  horizontal  and  vertical  in  meters 

dQ  ■ viewing  distance  in  meters  such  that  CRT  display 
subtends  about  18° 

One  will  recognize  that  Eq  (9a)  may  be  written  as 


_ Wt  mH  + MV  18u~ 
^ = R 2 7T 


(9b) 


where  MH,  My  are  the  magnifications  in  the  horizontal  and  vertical 
directions  respectively.  That  is,  we  have  substituted  the  following 
expressions 

<°D>H  = MH  • (r°v>H  (10) 

(%)V  * «V  (F0V)V 

(NOTE:  % = [(0D)H+ (0d)v]/2.) 


If  the  viewing  device  utilizes  an  eyepiece  as  the  last  stage  in  the 
optical  system  then  Mjj  = My  = M and  we  can  write  for  the  target  size  and 
display  angular  subtense 


0T 


T TT 


(II) 


©D  = M • [(FOV)H+  (F0V)y]/2 


Finally  if  the  field  is  circular  then  Eq  (11)  becomes 

0D  = M • FOV  (12) 


The  last  two  equations,  for  example,  will  apply  to  an  image  intensifier. 


3.  Modifications  to  CARMONETTE:  The  incorporation  of  the  above  algorithms 
into  CARMONETTE  impinged  primarily  on  those  CARMONETTE  submodels  associated 
with  surveillance  and  unit  movement.  The  four  levels  of  CARMONETTE  target 
location  information  were  retained  but  redefined  operationally.  The  scan 
cycle  and  clock  structure  were  retained  but  the  Markov  process  of  proba- 
bility-per-cycle-vs-random-number  gave  way  to  the  comparison  of  one  random 
number  with  a cumulative  probability  over  time  from  the  inception  of  inter- 
visibility to  its  interruption.  A sector  of  search-responsibility  for 
each  combat  unit  was  incorporated  as  a framework  for  the  Zirkind,  Target 
Acquisition  Model  along  with  a delineation  of  masked  and  unmasked  terrain 
within  that  sector.  Performance  characteristics  of  thermal  devices  and 
image  intensifiers  were  incorporated  to  employ  the  new  algorithms.  The 
detection  process  for  one  scan  cycle  is  given  in  Fig.  1. 

The  cursory  description  of  the  above  equations  as  they  now  function 
within  CARMONETTE  is  as  follows.  Equation  (2)  is  employed  to  get  a mean 
time  to  detection  for  current  parameters  for  one  field  of  view  of  the 
device.  The  resulting  mean  time  is  in  turn  modified  by  the  area  to  be 
searched  and  by  clutter  as  defined  by  Eq  (3).  This  expanded  mean  time  is 
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then  used  in  Eq  (1)  to  get  a probability  of  detection  for  one  scan  cycle 
as  defined  in  CARMONETTE.  The  result  of  Eq  (1)  is  then  added  to  a cumu- 
lative probability  of  detection  for  the  observer  concerning  the  potential 
target.  This  process  is  repeated  each  scan  cycle  until  the  cumulative 
probability  exceeds  a random  number  (between  zero  and  one)  that  had  been 
drawn  at  the  inception  of  the  above  process  and  the  detection  of  this 
target  occurs.  The  process  is  used  only  when  the  potential  target  is 
intervisible  with  the  observer  and  is  in  the  search  area  of  the  latter. 


Fig.  1 - Detection  Process  for  One  Scan  Cycle 

In  the  event  that  the  observer  is  communicated  information  about  the 
potential  target  before  he  detects  it,  his  probability  of  detection  is 
augmented. 

Upon  the  occurrence  of  detection  by  the  above  process,  a similar 
procedure  is  employed  to  tell  when  recognition  occurs. 

The  observer  can  decide  to  fire  at  the  target  with  detection  informa- 
tion only  but  suffers  a corresponding  degradation  in  weapon  performance. 

Or  if  he  waits  for  recognition,  he  then  realizes  full  weapon  capability 
under  the  existing  conditions. 

If  the  potential  target  disappears  from  view  (i.e.,  is  no  longer  inter- 
visible with  the  observer)  before  detection  occurs,  the  procedure  is 
halted  and  the  accumulating  probability  erased.  If  the  potential  target 
is  either  far  enough  away  or  is  showing  sufficiently  low  contrast  with  his 
surroundings  so  that  the  viewing  device  limitations  come  into  play,  then 
he  might  remain  undetected  during  the  entire  battle;  this  depends  on  the 
asymptotic  probability  of  detection  approached  over  time  and  on  the  partic- 
ular value  of  the  random  number  against  which  it  is  being  compared. 
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3.1  Levels  of  Target  Location  Information;  Previous  versions  of  CARMO- 
NETTE modeled  four  states  of  knowledge  about  targets  with  accuracy  of 
information  increasing  monotonically  from  State  1 through  the  intermediate 
states  to  State  4.  The  four  states  have  had  operational  definitions  as 
follows: 

1 - No  information:  no  firing 

2 - "Nearest  Square":  artillery  can  be  called  on  target 

3 - "Erroneous  pinpoint":  artillery  and  direct  fire 

(with  no  hits  from  direct  fire) 

4 - "Pinpoint":  artillery  and  direct  fire  (assessed  for 

probability  of  hit  by  direct  fire) 

The  current  version  of  CARMONETTE  employs  all  four  of  the  above 
states  but  changes  their  operational  definitions  in  the  following  way. 

State  3 represents  detection  with  resulting  possibility  of  firing  but 
with  a degraded  hit  assessment.  State  4 represents  recognition  (with 
full  weapon  performance  if  the  seeker  decides  to  fire).  State  1 contin- 
ues to  represent  no  information.  State  2 represents  communicated  infor- 
mation; artillery  can  be  called  on  State  2 targets. 

An  advantage  of  operationally  redefining  information  levels  3 and  4 
to  correspond  respectively  to  detection  and  recognition  is  that  it  aligns 
these  levels  with  a wealth  of  psychovisual  experimentation  and  allows  for 
direct  input  of  experimental  values. 

The  retention  of  level  2 as  communicated  information  gave  the  follow- 
ing flexibility  to  model  development.  It  was  immediately  usable  informa- 
tion to  the  recipient  of  the  communication  (and  was  so  programmed)  in  that 
he  could  temporarily  narrow  his  search  area  in  order  to  decrease  the  normal 
time  to  detection.  Also  level  2 information  could,  in  the  future,  be  em- 
ployed to  represent  received  information  cues  from  such  tilings  as  weapon 
signatures,  dust  clouds,  movement,  etc. 

As  the  four  levels  are  now  defined,  they  do  not  lead  to  the  firings 
on  false  targets  that  is  so  characteristic  of  previous  CARMONETTE  versions. 
(See  the  previous  definition  of  level  3 above.)  Such  extra  firing  is 
characteristic  of  real  battles  and  must  now  be  included  in  a different 
manner.  This  will  be  treated  in  a revised  version  of  the  target  acquisi- 
tion model,  namely  as  a false  alarm  rate  associated  with  the  detection  and 
recognition  process. 

3.2  New  Rule  Structure:  A new  procedure  for  processing  target  acquisition 
is  used  and  is  a compromise  between  time-slice  and  critical  event  methods. 
During  continuous  Intervisibility  between  opposing  combat  units  (tanks, 
APCs,  etc.),  cumulative  probabilities  of  detection  as  a function  of  time 
are  maintained  for  all  combinations  of  intervisible  opponents.*  A given 
pair  of  opponents  may  be  intervisible  several  times  during  a battle.  For 
such  a pair,  the  cumulative  probability  of  detection  of  each  about  the 
other  begins  to  grow  at  the  time  they  become  intervisible.  The  probability 


*Each  opponent  must  also  be  in  the  search  area  of  the  other  to  be 
considered  here. 


425 


continues  to  grow  during  the  time  that  they  remain  intervisible  until 
either  detection  occurs,  intervisibility  ceases,  or  the  probability  of 
detection  remains  less  than  a random  number  selected  to  compare  against 
it.  The  rate  of  growth  of  the  probability  is  dependent  upon  the  range 
of  separation,  viewing  device  employed,  time  available  for  search,  etc. 

As  these  parameters  change  (c.f.,  the  opponent's  range  of  separation 
decreases),  the  rate  of  growth  of  the  probability  changes  correspond- 
ingly. In  order  that  the  rate  of  growth  of  the  probability  remain 
respondent  to  changes  in  the  parameters,  a periodic  check  of  the 
parameters  is  made.  The  period  of  time  between  checks  of  the  para- 
meters is  called  the  surveillance  interval  and  is  dependent  on  the 
viewing  device  employed. 

As  stated,  the  probability  ceases  to  grow  if  intervisibility  ceases 
or  detection  occurs.  When  intervisibility  ceases,  the  cumulative  prob- 
ability is  erased  (for  each  of  the  two  opponents)  and  the  process  will 
commence  anew  when  they  next  become  intervisible.  If  detection  occurs 
for  one  of  the  two  opponents,  about  the  other,  the  cumulative  prob- 
ability for  the  successful  one  is  erased  and  the  latter  is  given  detection 
information  (state  3)  about  his  opponent.  This  detection  has  occurred 
by  virtue  of  the  cumulative  probability  exceeding  a random  number  which 
was  selected  at  the  initiation  of  intervisibility. 

Once  detection  occurs,  then  the  same  process  is  employed  for  recog- 
nition (state  4 information)  as  long  as  intervisibility  continues  with 
probabilities  appropriate  to  recognition  replacing  those  appropriate 
to  detection. 

The  above  procedure  thus  simulates  times  to  detection  and  recognition 
from  the  inception  of  intervisibility  and  does  so  as  a function  of  chang- 
ing parameters.  It  also  succeeds  in  isolating  those  opponents  that  are 
never  found  by  certain  intervisible  enemy  simply  because  the  cumulative 
probability  reaches  an  asymptotic  value  before  exceeding  the  corres- 
ponding random  number. 

The  incremental  probabilities  of  detection  and  recognition  are 
constructed  from  the  asymptotic  probabilities  associated  with  the 
existing  parameter  values  along  with  the  mean  time  to  detect  or 
recognize  (also  associated  with  existing  parameter  values)  as  given 
by  the  Zirkind  equations. 

The  new  rule  structure  on  cumulative  probabilities  of  detection  at 
present  applies  to  image  intensifiers  and  thermal  devices.  Other  seeker 
types  remain  connected  to  the  Markov  chain  methodology.  This  efficiency 
can  be  readily  remedied. 

In  order  to  implement  the  search/detection  algorithm,  it  was 
necessary  to  identify  the  area  of  search  for  each  combat  unit.  This 
is  done  by  giving  left  and  right  search  sector  bounds  to  each  combat 
unit  and  by  sampling  the  terrain  within  the  search  sector  to  identify 
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the  actual  portion  of  that  terrain  that  is  intervisible  with  the  combat 
unit  and  hence  available  for  search.  These  unmasked  portions  of  land 
go  under  the  name  of  intervisibility  coefficients.  The  intervisibility 
coefficients  identify  the  traction  of  land  that  is  unmasked  in  the  range 
interval  containing  the  target.  The  calculation  of  these  coefficients 
consist  of  running  a set  of  terrain  profiles  from  the  observer  position 
at  equal  angular  increments  (10°)  across  his  search  sector,  collecting 
the  masked  and  unmasked  portions  of  these  profiles  as  a function  of 
range  interval,  and  thus  generating  the  coefficients.  1'ig.  2 depicts 
one  ot  these  profiles.  Beginning  at  (Xs,i’s),  the  location  ot  the  obser- 
ver, and  heading  outward  along  the  profile,  the  height  of  each  subsequent 
square  along  the  profile  line  is  employed  with  the  observer's  height  and 
with  the  distance  from  the  observer  to  calculate  a mask  angle,  VMn,  in 
the  vertical  plane.  This  mask  angle  is  then  compared  to  the  greatest 
mask  angle  found  so  far  along  the  profile.  If  the  mask  angle  just  found 
exceeds  the  prevailing  greatest  mask  angle,  then  the  current  square  is 
intervisible  with  the  observer  and  the  most  recent  mask  angle  is  retained 
as  the  greatest.  Otherwise,  the  current  square  is  said  to  be  masked  from 
the  observer's  view  and  the  intervisibility  of  the  next  square  along  the 
profile  is  checked,  etc.  In  this  way,  the  fraction  of  intervisible 
squares  within  eacli  range  interval  along  the  profile  is  determined.  The 
same  procedure  is  employed  for  the  other  profiles  in  the  observer's  search 
area.  Then  for  each  range  interval,  the  average  fraction  of  unmasked 
terrain  over  the  set  of  profiles  is  calculated  and  retained  as  the  inter- 
visibility  coefficient  for  that  range  interval  for  the  observer  as  long 
as  he  remains  in  that  location. 


Fig.  2 - Profiling  to  Determine  Unmasked  Fraction  of  Search  Area 
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The  Intervisibility  coefficient  is  used  along  with  the  area  of 
search  to  modify  the  mean  time  to  detection  that  is  defined  by  Eq  (2) 
The  intervisibility  coefficients  were  essentially  to  be  samplings  of 
the  line-of-sight  function  in  CARMONETTE. 

The  detailed  results  of  three  different  games  are  presented  in 
GRC  Report  CR-191,  Part  II. 


Addendum:  The  target  acquisition  model  presented  earlier  can  readily 
utilize  a smoke  model;  that  is,  the  mean  detection  time  contains  the 
contrast  explicitly.  Since  smoke  reduces  the  received  contrast  its 
effect  is  to  increase  the  mean  detection  time,  i.e.,  Td~C“2.  Hence 
a reduction  of  contrast  from  50%  to  5%  will  increase  the  detection 
time  by  a factor  of  100  with  the  serious  reduction  in  probability  of 
detection.  This  approach  has  been  used  by  one  of  the  authors  (Zirkind) 
in  the  formulation  of  a smoke  model. 
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TITLE:  DUEL3,  A Quick  and  Easy  Simulation  of  Armor  or  Infantry  Duels 
AUTHOR : Fred  Bunn 

ORGANIZATION:  US  Army  Ballistic  Research  Laboratory  (301-278*5534  or 
Autovon  283-5534) 

ABSTRACT:  The  DUEL3  model  should  be  generally  useful  for  studying  any 
duel  where  the  range  and  exposure  of  the  combatants  stays  relatively 
constant  during  the  course  of  a single  duel.  DUEL3  computes  the 
effectiveness  of  the  duelers  as  a function  of  these  parameters: 

accuracy  (in  x and  y) 
precision  (in  x 'and  y) 
range 

open  fire  times 
exposure/concealment 
firing  cycle 

number  of  rounds  in  a burst 

time  between  bursts 

time  between  rounds  in  a burst 

The  model  accounts  for  the  fact  that  when  many  rounds  are  flying 
simultaneously,  both  combatants  can  die:  thus  neither  wins.  The 
method  of  accounting  for  this  will  be  discussed  in  detail. 

Preliminary  experimentation  with  the  model  simulating  tank  duels 
verifies  the  overwhelming  importance  of  getting  the  first  shot  off 
quickly. 

The  model  was  designed  to  "talk"  to  the  user  and  guide  him  as  he 
changes  parameters  and  controls  its  operation.  The  model  was  intended 
to  be  so  easy  to  use  that  a person  could  sit  down  at  a terminal  and 
operate  it  with  little  or  no  prior  instruction.  In  addition,  the  pro- 
gram was  written  to  be  very  fast,  quite  modular,  portable,  and  easy  to 
maintain  or  modify.  For  these  reasons.  Structured  Programming  was 
used  throughout.  These  qualities  of  a well  designed  program  will  also 
be  discussed. 

ESTIMATED  TIME  REQUIRED  FOR  PRESENTATION:  20  minutes  plus  5 minutes 

for  questions  and  answers 

CATEGORY:  Special  Session:  Combat  Analysis 
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TITLE:  UK!,  3,  A Qui  k nr.  1 Fa  :y  Simulation  of  Armor  > r Infantry  Duel:. 

AUTHOR:  Fred  Putin,  US  Army  Ballistic  Research  Laboratory 


About  a year  and  a half  ago  I got  involved  in  the  study  of  armored 
systems.  My  first  Job  was  to  study  AAAP , a medium  caliber,  high  rate  of 
fire  anti-tank  gun:  sort  of  a slow  machine  gun  for  killing  tanks.  I 
didn't,  know  much  about  the  dynamics  of  armored  combat,  so  I began  looking 
around  for  models  of  simple  combat:  duels.  T found  two  and  got  them 
running.  At  the  same  time  T wrote  a series  of  three  small  but  increas- 
ingly more  realistic  models  of  the  duel.  DUEL3  is  the  third  and  probably 
not  the  last  in  that  series. 

The  objectives  of  DUEL3  are: 

To  provide  a tool  for  understanding  the  dynamics  of  simple 
combat , and 

To  evaluate  some  key  parameters  of  the  AAAC  system. 

The  major  current  assumptions  are: 

The  duelists  will  be  motionless. 

The  duelists  may  be  represented  as  a circular  target. 

The  duelists  do  not  adjust  fire  on  sensing  misses,  and  cumula- 
tive damage  may  be  ignored. 

The  first  assumption,  lack  of  motion,  can  later  be  handled  by 
adding  biases  for  firer  or  target  motion  perhaps.  The  second,  that  the 
target  can  be  treated  as  circular,  we  plan  to  test  at  a later  time  by 
substituting  a more  realistic  matrix  model,  and  seeing  if  it  makes  much 
difference.  The  third  assumption,  that  we  do  not  adjust  fire  on  sensing 
misses,  we  can  probably  do  something  there  too.  The  fourth  assumption, 
about  cumulative  damage:  we're  going  to  have  to  live  with  that  for  a 
while  - we  don't  have  a handle  on  how  to  put  it  in  the  model  right  now. 

DUEL!  computes  the  effectiveness  of  two  duelists  as  a function  of 
these  parameters:  number  of  rounds  in  a burst,  time  between  rounds,  time 
between  bursts,  accuracy  and  precision,  range,  presented  area,  and  open 
fire  time.  I wrote  the  model  to  simulate  duels  in  general  but  tank 
duels  in  particular. 

The  model  is  an  event-sequenced,  expected  value  model  currently 
running  on  an  1108  computer.  It.  is  written  in  a standard,  structured 
FORTRAN  and  should  be  easy  to  move  to  any  FORTRAN  computer.  I say  that 
after  putting  the  same  large  program  on  3 different  machines. 

DUEL 3 begins  by  reading  in  a table.  The  table  contains: 

A default  value  for  each  parameter. 

The  min  and  max  value,  and 

The  name  plus  a short  definition  of  the  parameter.  The  program 
reads  values  for  blue,  for  red,  and  for  game  control.  Figure  1 shows  a 
diagram  of  the  default  file  with  a sample  card  image  that  is  stored  in 
the  file. 

After  reading  in  the  default  table,  DUE I 3 prints  out  a message 
saying  'TYPE  H FOR  HELP',  then  it  waits  for  our  input.  Let's  suppose  we 
don't  know  what  the  legal  inputs  are,  and  we  type  H. 


DEFAULT  MIN  MAX  NAME  - DEFINITION  (UNITS) 


Figure  i s a condensed  form  of  what  we'd  hit  , First  let  mo  make 
two  comments:  on  the  left  Is  t hr  command  word.  Knoll  command  begins 
with  u unique  let  tor.  Vint  run  type  in  .lust  the  first  letter  or  t hi' 
whole  word  if  you  wish.  Second,  t lie  computer  will  print  out  one  line 
for  each  case  unless  you  ssk  for  more  detailed  output  . A case  is  normally 
one  duel  at  each  of  II  ranges. 

If  you  want  a line  printed  for  each  of  the  11  duels  .lust  type  in 
’O'  or  ' OUEIi  PRINT*  and  a carriage  return.  The  program  will  set  • he 
appropriate  print  flng. 

If  you  want  a line  printed  for  each  round  fired  in  each  duel,  type 
'K*  or  ' KVKHY  PRINT'  followed  hy  a carriage  return. 

I'.Vping  'll1  or  'Ill'll. F'  at  any  t line  tells  the  program  t.>  write  a fresh 
copy  of  this  'command  menu'. 

if  you  want  to  see  the  current  values  of  each  variable,  simply  type 
or  '1, 1ST'. 


When  you're  done  changing  variable:  and  want  to  see  their  effect, 
type  • H'  or  'HUN'. 

At  the  end  of  your  session  with  DllKhl  type  'S'  or  'STOP'. 

The  ''1"  or  'TRAPK'  command  traces  the  logic  of  the  program  and 
would  be  especially  useful  for  someone  modifying  the  propram. 

The  last  command  is  used  to  change  weapon  system  parameters.  The 
'hit 'T ' command  gives  you  a 'parameter  menu'.  At  any  time  you  can  change 
any  parameter  simply  by  typing  in  it's  index  number,  a comma  or  blank 
and  the  new  value  (followed  of  course  by  a carriage  return).  For  example, 
it'  we  wished  to  chanpe  the  tenth  parameter  to  1,  we  could  .lust  type 
1-’,  1 and  the  propram  would  take  care  of  It. 

When  you  attempt  to  pive  a parameter  a new  value,  the  prop ram 
checks  It.  carefully  and  either  echos  back  the  new  value  aloiip  with  the 
definition  of  the  parameter,  or  else  it  tells  you  exactly  wh.\  It  rejected 
the  value.  This,  >f  course,  saves  a lot  of  lime  over  the  old  batch, 
non-check  l tip  method  where  a person  wastes,  a lot  of  t I me  because  he  left 
out  a card  or  pot  a number  in  the  wrong  field,  or  Just  used  an  unreal- 
istic value.  Then  the  propram  would  run  for  a fair  amount  of  time  nid 
die  in  some  mysterious  place  with  a divide  check  error. 

At.  this  point  let  me  say  a little  about  my  design  philosophy.  I 
believe  proprams  should  be  built  of  modules  no  loupe r than  a pape. 

Happily,  the  authorit  ies  are  in  penern!  apreement  with  me.  I'l'Fhl  modules 
are  rarely  lonper.  1 I'i'lit've  proprams  should  be  well  commented:  l'UF.1.1 
is  al’out  ,’iV5  comments..  Proprams  should  be  unders  t andab  1 e--wh  i ch  brlnps 
up  the  subject  of  structured  propramminp. 

About  H-Y  years  alo  a new  s.et  of  bttv.'.  words  began  popping  up  in 
the  literature:  structured  propramminp,  t. op-down  propramminp,  and  a few 
others.  They  all  refer  to  a set  of  concepts  for  more  accurately  producing 
programs  In  less  time.  They  are  becoming  accept ed  in  the  programming 
community.  Unfort uuat ely , as  1 talk  to  analysts  who  use  FORTRAN , I find 
iOy  of  them  art*  totally  unaware  of  these  new  ideas. 

I personally  tun  sold  on  structured  programming,  1 suppose  it  allows, 
me  to  code  faster:  Its  hard  to  estimate.  I am  sure  It  makes  my  programs 
more  readable,  more  understandable,  and  consequent  ly , more  maintainable. 
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IGURE  2 


Rood  place  to  start.  I also  recommend  Clement  L.  McGowan's  book,  "Top- 
Down  Structured  Programming  Techniques". 

Lastly,  if  at  all  possible,  a program  should  be  short  and  rhea;  to 
run.  ! suspect  most  large  programs  spend  most  of  their  time  computing 
things  below  the  noise  level.  DUEL3  is  about  .’0  pages  long  and  costs  a 
dime  a case. 

Now  let's  talk  about  how  we  calculate  effectiveness  at  any  instant. 
Figure  1 illustrates  this.  The  duel  is  always  in  one  of  four  states: 
both  duelists  are  alive  (represented  by  the  clear  area):  blue  wins 
because  he  is  alive  and  red  is  dead  (represented  by  the  positively 
sloped  hatching):  red  wins  when  red  is  alive  and  blue  is  dead  (indi- 
cated by  negatively  sloped  hatching):  or  neither  wins  because  both  are 
dead  (represented  by  cross  hatching). 

If  only  one  duelist  has  rounds  in  the  air  at  any  given  time,  life 
if  fairly  simple,  and  we  have  the  situations  shown  in  the  top  row  of 
boxes.  Box  one  shows  time  zero:  no  rounds  have  arrived  and  both  duel- 
ists are  alive.  In  box  two,  we  see  that  a red  round  has  arrived.  The 
clear  area  is  now  smaller  and  is  in  fact  proportional  to  the  probability 
that  both  are  alive.  The  probability  red  wins  is  now  non-zero.  In  box 
four,  a second  blue  round  arrives  and  the  probability  of  a blue  win 
becomes  the  sum  of  these  two  areas.  Mathematically,  updating  the  state 
probabilities  is  very  simple,  we  .lust  decrement,  the  clear  areas  by  the 
single  shot  kill  probability  and  increment  the  appropriate  win  state  by 
the  same  amount. 

In  actual  fact,  life  is  not  so  simple.  The  faster  rounds  are  fired 
and  the  longer  they  are  in  flight,  the  more  likely  several  rounds  will 
be  flying  simultaneously . This  introduces  the  possibility  both  duelists 
will  die  mui  neither  will  win.  Let's  go  back  t ■ box  two,  where  a red 
round  has  .lust  arrived.  If  a blue  round,  is  in  f!  igb.t  when  this  red 
round  arrives,  then  there  is  a possibility  of  mutual  extinction.  This 
is  represented  in  box  five.  Here  we  see  a cross  hatched  area:  the 
probability  that  neither  wins.  And  now  we  notice  that  the  red  win  state 
is  smaller  than  previously.  We  had  tentatively  assigned  red  too  large  a 
probability  and  must  now  go  back  and  make  a correction. 

Looking  at  box  six,  we  see  that  there  were  two  rounds  in  flight 
before  the  red  round  arrived.  The  probability  of  neither  winning  is 
growing.  Tn  box  seven  we  see  thnt.  a red  round  was  launched  between  the 
arrivals  of  the  two  blue  rounds  and  wc  have  three  cross  hatched  areas 
whose  total  area  is  proportional  to  the  probability  thnt  neither  wins 
and  both  are  dead.  Finally,  in  the  last  box  we  see  that  a number  -f 
additional  rounds  have  been  fired. 

As  it  turns  out,  there  is  a set  of  reasonably  simple,  iterative 
equations  for  updating  the  state  probabilities.  They  are  show.  in 
Figure  4. 

This  is  the  set  of  equations  when  a blue  round  arrives.  • r.e 

left  with  double  primes  are  the  probabilities  we  wish  * ■'  find:  the 
probability  of  being  in  each  state  after  the  round  arrives.  On  tin 
right  in  single  primes  is  the  probability  of  each  state  .lust  her  n the 
round  arrived.  And  in  the  last  0 equations  are  the  unprimed  pr.'bni  1 - 
it.ies  as  they  were  when  the  round  was  fired.  Finally  the  : . is  the 
single  shot  kill  probability.  Now  let  me  run  that  by  one  m.-re  t ime. 
Double  primes  are  after  the  round  arrives,  single  primes  are  .1  pep 
the  round  arrives,  and  unprimed  is  when  the  round  was  launched. 
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F I CURE  4 


Looking  at  the  X and  B states,  we  see  that  whenever  a blue  round 
arrives,  the  increase  in  the  B state  is  exactly  equal  to  the  drop  in  the 
X state.  And  looking  at  the  R and  N states,  we  see  that  the  N state 
gains  exactly  what  the  R state  loses.  We  see  further  that  if  the  prob- 
ability of  red  winning  changed  while  the  blue  round  was  in  flight,  this 
factor  will  be  non-zero. 

A similar  but  not  identical  set  of  equations  must,  of  course,  be 
used  whenever  a red  round  arrives. 

Now  let's  look  at  the  history  of  a single  duel  as  printed  out  by 
DUEL 3 and  shown  in  figure  5. 

The  weapon  systems  are  identical  except  that  red  is  firing  a round 
every  8 seconds  while  blue  is  firing  a round  a second  for  three  seconds 
and  then  waiting  8 seconds. 

The  initial  conditions  are  that  both  are  alive  and  the  exchange 
ratio  is  undefined.  At  time  zero  both  red  and  blue  fire  a round.  At 
0.69  seconds  red  receives  a round  and  the  instantaneous  probability  that 
blue  wins  is  0.70  and  the  'exchange  ratio’  is  still  undefined.  At  the 
same  instant  blue  receives  a round  and  the  probability  both  are  alive 
drops  by  0.21  to  0.09.  This  0.21  quantity  shows  up  in  the  red  win 
column.  Meanwhile  the  0.70  blue  win  probability  we  had  tentatively 
assigned  in  the  previous  line  drops  0.^9  and  a 0.^*9  probability  appears 
in  the  both  dead  column.  Note  also  that  the  'exchange  ratio'  is  no 
longer  undefined. 

The  duel  continues  with  blue  firing  somewhat  faster  than  red  and 
the  state  probabilities  settle  out  at  the  values  shown  on  the  last  line. 
Because  of  the  high  single  shot  kill  probabilities  and  the  simultaneous 
firings  of  the  first  rounds  the  probability  both  die  is  nearly  80-50. 
Because  blue  is  firing  more  rapidly,  blue  has  a significantly  higher 
chance  of  winning. 

Next  let's  look  at  duels  at  each  of  a number  of  ranges.  The  default 
case  calls  for  simulating  duels  at  each  of  11  ranges  from  0 to  2,000 
meters  at  200  meter  increments.  In  the  prob-of-duel  column  the  program 
prints  out  the  probability  that  a duel  occurs  in  an  interval  centered  at 
the  indicated  range.  These  frequencies  are  based  on  WV2  data.  Now 
looking  at  the  first  state  probability:  the  probability  that  both 
combatants  are  alive  at  the  end  of  a duel.  Notice  that  because  of  our 
high  kill  probabilities  there's  little  chance  both  survive  except  at  the 
longest  range.  In  the  next  column  is  the  probability  of  a blue  win.  As 
the  range  gets  longer  the  single  shot  kill  probabilities  drop  and  the 
effect  of  blue's  burst  firing  begins  to  show  up.  Surprisingly,  we  see 
that  as  range  increases,  the  chance  of  a red  win  increases  too,  but  it's 
all  at  the  expense  of  the  next  column,  the  neither  win  column.  It  seems 
counter  intuitive  that,  since  times  of  flight  are  longer,  and  the  proba- 
bility of  simultaneous  rounds  is  greater,  that  the  neither  win  state  is 
smaller.  What  is  happening  is  that  the  first  round  from  both  systems 
are  flying  simultaneously  and  at  short  range  they  have  a large  effect 
while  at.  longer  range  they  have  a smaller  effect  & some  of  the  later 
non-simultaneous  rounds  come  into  play.  In  the  final  column  we  see 
exchange  ratios.  As  you  can  see  blue's  advantage  grows  as  range  in- 
creases but  not  by  a tremendous  amount. 


PR  OB  STATE  PROBABILITIES 

RANGE  OF  BOTH  BLUE  RED  BOTH  EXCH 

(METERS)  DUEL  ALIVE  WINS  WINS  DEAD  RATIO 


Figure 


And  finally  down  at  the  bottom  we  see  the  program  has  computed  the 
weighted  average  of  the  exchange  ratios.  The  next  1 figures  will  change 
a couple  of  the  systems  parameters. 

In  figure  6 we  are  changing  the  time  between  blue  rounds,  assuming 
a three  round  burst.  Notice  first  that  the  vertical  scale  is  logarithmic. 
This  is  especially  appropriate  for  exchange  ratios,  of  course. 

Here  we  see  how  the  mean  exchange  ratio  varies  as  blue's  rate-of- 
fire  changes.  First  let  me  explain  that  the  time  between  bursts  is  8 
seconds.  Now  if  we  start  out  witli  8 seconds  between  rounds  in  blue's  so- 
called  burst,  the  blue  system  is  identical  to  the  red  system  and  the 
exchange  ratio  shrinks,  but  not  sharply. 

In  figure  7 we  see  how  the  mean  exchange  ratio  varies  as  blue  gets 
a head  start  on  his  first  round.  If  blue  starts  firing  at  time  zero  and 
we  vary  red's  start  time  we  get  this  curve.  If  red's  delay  is  near  zero 
the  exchange  ratios  are  near  unity.  If  red  delays  for  a second,  blue 
has  a good  chance  to  kill  red  before  he  gets  his  first  round  off.  With 
further  delays,  of  course,  blue  can  get  several  killing  rounds  in  before 
red's  first  round  is  fired. 

In  figure  8,  we  see  a combination  of  effects.  On  the  horizontal 
axis  we  are  varying  blue's  rate  of  fire.  On  the  lowest  curve  we  show  a 
two  second  headstart  for  red.  Above  that,  a one  second  headstart.  In 
the  curve  near  the  axis,  both  systems  open  fire  at  the  same  time.  Then 
as  we  go  higher  we  see  a one,  two  and  three  second  advantage  for  blue. 

What  we  have  here  is  a synergistic  effect  causing  a ridge.  If  a 
system  can  be  designed  to  put  us  on  this  ridge,  all  well  ami  good.  Blue 
moves  from  lower  curves  to  higher  curves  by  either  concealing  himself 
better  or  by  detecting  red  quicker.  If  the  duel  occurs  on  one  of  the 
lower  curves,  there  is  little  to  be  gained  by  cutting  the  time  between 
rounds.  However,  if  the  duel  occurs  on  the  higher  curves,  you  may  be 
able  to  get  a large  pay-off  by  firing  quickly  inside  the  burst. 

In  closing,  I would  like  to  mention  two  areas  which  need  to  be 
improved  perhaps  in  a cUKIdi.  First,  we  need  to  model  the  errors  intro- 
duced when  firing  bursts.  Second,  we  need  to  replace  the  circular 
target  model  with  a matrix  model. 
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ABSTRACT : The  US  Army  Materiel  Systems  Analysis  Activity  has  conducted 

an  effectiveness  analysis  of  potential  air-to-air  combat  involving  heli- 
copters. This  paper  will  outline  the  techniques  involved  in  this  analysis, 
some  of  the  general  lessons  learned  as  a result  of  the  analysis,  and  some 
of  the  areas  which  must  be  investigated  to  strengthen  future  analyses  of 
this  topic. 

The  analysis  considered  aerial  gun  systems,  various  guided 
missile  systems  and  rockets.  The  simulation  used  to  provide  the  gun  effec- 
tiveness results  was  the  AMSAA  Helicopter  Air-to-Air  Combat  Simulation 
(HATACS)  model.  This  is  a digital,  expected  value  computer  simulation 
(coded  in  FORTRAN  IV)  of  air-to-air  gunnery  between  two  helicopters.  A 
brief  description  of  this  model  will  be  included  in  the  paper. 

A time  line  analysis  will  be  described  in  which  the  time 
required  to  bring  the  various  forward  firing  weapons  on  target,  to 
acquire  and  launch  is  established.  In  this  analysis  the  relative  posi- 
tion of  the  two  helicopters  at  the  outset  of  the  engagement  can  be  varied. 

A brief  description  is  given  concerning  tactics  and  evasive 
maneuvers  for  helicopters  under  attack.  Also  included  are  considerations 
of  simple  gunnery  duels  between  helicopters. 
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TITLE: 


Investigations  Into  Air-to-Air  Combat  Between  Helicopters 

AUTHORS : Mr.  James  H.  Young,  Falcon  Research  and  Development  Company 

Mr.  Wyoming  B.  Paris,  Jr.,  US  Army  Materiel  Systems  Analysis 

Activity 

Introduction . The  US  Army  Systems  Analysis  Activity  has  conducted  a series 
of  investigations  into  the  effectiveness  of  helicopters  involved  in  air-to- 
air  combat.  These  investigations  were  concerned  with  aerial  gun  and  missile 
systems  for  both  friendly  and  enemy  helicopters.  A number  of  mathematical 
models  have  been  developed  to  support  the  various  analyses  and  these  models 
will  be  briefly  described  in  this  paper.  These  models  include  simulations 
of  helicopter  flight  paths,  one  sided  engagements  (one  helicopter  passive) 
and  interactive  duels  between  helicopters.  A field  test  of  helicopter 
maneuver  simulation  is  described.  Finally  several  proposed  modifications 
to  provide  more  realism  in  the  simulation  of  air-to-air  combat  between 
helicopters  will  be  discussed. 

Concept  of  the  Engagement.  To  date  there  is  little  information,  real  or 
theoretical,  available  on  air-to-air  engagements  between  helicopters.  As 
a consequence  of  this  scarcity  of  information,  the  following  concept  of  such 
engagements  has  been  developed.  Encounters  between  helicopters  will  occur 
over  all  ranges,  limited  only  by  the  effective  ranges  of  the  weapons 
employed.  Some  encounters  will  occur  by  chance  while  each  helicopter  is 
proceeding  on  its  primary  mission  not  related  to  air-to-air  combat.  The 
engagement  ranges  in  this  case  will  be  short  and  of  short  duration  with 
the  helicopter  which  is  at  a disadvantage  seeking  cover  to  terminate  the 
engagement  or  to  seek  a more  advantageous  set  of  engagement  conditions. 

In  other  cases,  particularly  as  the  numbers  of  advanced  attack  helicopters 
increase,  engagements  with  missiles  and  guns  will  take  place  at  longer 
ranges . 

Gun  Analysis.  The  simulation  of  air-to-air  gunnery  between  helicopters 
is  accomplished  by  means  of  the  Helicopter  Air-to-Air  Combat  Simulation 
(HATACS)  model.  This  model  is  a completely  digital,  expected  value, 
computer  simulation  and  is  coded  in  FORTRAN  IV.  The  purpose  of  the  model 
is  to  evaluate  various  gun  systems  in  the  air-to-air  role,  analyze  the 
feasibility  of  prospective  helicopter  target  evasive  maneuvers,  and  eval- 
uate possible  tactics  of  the  attacking  aircraft.  Both  passive  engagements 
(where  the  target  helicopter  does  not  return  fire)  and  duels  between  two 
helicopters  can  be  simulated  by  the  HATACS  model  and  the  DUEL  sub-model. 

The  simulation  contains  mathematical  descriptions  of  the  vulnerable  por- 
tions of  the  target  aircraft,  as  well  as  descriptions  of  simplified  fire 
control,  target  maneuver,  weapon  system  characteristics,  and  the  geometry 
and  kinematics  of  the  aerial  combat  engagement.  The  measure  of  effective- 
ness employed  for  the  passive  engagement  is  the  probability  of  target 
defeat.  In  the  case  of  a duel  between  helicopters,  the  time  history  of 
defeat  probability  is  provided  for  each  helicopter. 

The  HATACS  model  computes  the  relative  geometry  and  kinematics 
of  the  engagement  with  respect  to  a three-dimensional  inertial  space. 

Both  the  target  and  the  attacker  may  be  placed  at  any  point  within  this 


space  at  the  outset  ot  the  engagement.  Target  and  attacker  kinematics 
can  be  handled  several  ways.  First  of  all  the  target  flight  path  may  be 
generated  by  the  model  using  one  of  three  basic  maneuvers  or  it  may  have 
a path  of  any  form  whatsoever  which  can  be  read-in  to  the  model.  Secondly, 
the  attacker  may  have  a path  of  pure  pursuit  generated  by  the  model  for 
any  target  path,  or  it  may  optionally  be  read-in  to  the  model  in  the  case 
where  the  target  path  is  read-in.  A total  of  three  options  jointly  result 
for  target  and  attacker  flight  paths:  (1)  a specific  flight  path  generator 
can  be  selected  for  the  target  in  response  to  which  the  attacking  air- 
craft flies  a pure  pursuit  path  toward  the  target,  (2)  a target  flight 
path  is  read- in  against  which  the  attacking  aircraft  flies  pure  pursuit, 
or  (3)  both  target  and  attacker  flight  paths  and  time  histories  are  read-in. 

When  the  flight  path  generator  option  is  selected,  the  target 
helicopter  is  considered  to  be  flying  straight  and  level  at  constant 
speed  until  the  time, the  engagement  commences.  The  target  can  fly  one  of 
three  basic  maneuvers' supon  receiving  fire: 

1.  continue  straight  and  level  at  constant  speed  (optional 

dive) , \ 

2.  continue  straight  and  level  with  constant  acceleration  or 
deceleration  to\a  pre-defined  speed  (optional  dive) , or 

3.  execute  a constant  velocity  turn  toward  or  away  from  the 
attacker  at  a specified  roll  angle. 

The  attacker  flies  pure  pursuit  utilizing  the  off-axis  firing 
capability  of  the  turretted  weapon  system  to  accomplish  target  lead. 

The  equation  of  this  pursuit  path  is  approximated  in  the  model  by  a 
discrete  lineal  element  process..  In  addition,  the  parameters  of  pursuit 
may  be  varied  so  that  the  attacker  may  conduct  the  attack  from  a hover, 
from  constant  speed  pursuit  or  during  an  accelerated  pursuit. 

When  the  flight  path  read-in  option  is  selected,  a time  history 
of  aircraft  position  (x ,y,z-coordinates)  and  orientation  (roll,  pitch  and 
yaw  angles  with  respect  to  the  aircraft  velocity  vector)  given  at  regular 
time  intervals,  must  be  provided  for  the  entire  engagement  sequence.  The 
model  then  uses  these  data  to  calculate  the  aircraft  position,  velocity, 
acceleration  and  orientation  throughout  the  engagement.  (In  the  event 
that  aircraft  orientation  data  are  not  furnished,  the  model  sets  yaw, 
pitch  and  roll  angles  to  zero.) 

The  HATACS  model  currently  approximates  the  target  description 
by  means  of  six,  singly  vulnerable,  vulnerable  areas.  These  vulnerable 
areas,  adapted  for  the  proper  approach  angle  for  the  incoming  rounds  are 
represented  by  an  exponential  kill  function  (diffused  target).  The  effects 
of  either  independent  fire  by  bursts,  or  salvo  fire  can  be  calcul ulated . 

A particular  gun  system  is  characterized  in  the  model  by  the 
specification  of  its  firing  rate,  projectile  trajectory  characteristics, 
system  errors,  and  firing  doctrine.  Range  estimation  error  may  be  used 
also. 
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Whi'ii  a burst  is  fired  by  t ho  attacking  gunner,  the  line  of  fire 
should  lead  the  moving  target  to  account  tor  the  t'utu re  position  of  the 
target  at  the  time  arrival  of  the  rounds.  The  level  of  fire  control,  or 
more  specifically,  target  future  position  prediction,  lias  been  parameter- 
ized in  the  HAT ATS  model  to  provide  three  levels  of  future  position  pre- 
diction. These  levels  are: 


(1)  no  prediction 

(2)  linear  prediction,  and 

(3)  perfect  prediction. 

"No  prediction"  and  "perfect  prediction"  represent  the  lower  and  upper 
limits,  respectively,  ot  the  gunner , weapon  system  capability  to  estimate 
the  future  position  of  the  moving  target  helicopter.  With  "no  prediction" 
the  gunner  centers  his  point  of  aim  on  the  current  target  position,  and 
no  attempt  is  made  to  account  for  any  change  m the  target's  position 
during  the  t ime-of-f 1 ight  of  the  bullet.  With  "perfect  prediction"  the 
gunner  correctly  assessed  the  target  flight  path  at  tune  of  fire  so  that 
the  center  of  the  burst  lies  at  the  target  center  of  vulnerability. 

"Linear  prediction"  is  perhaps  a more  realistic  model  of  the  gunner/weapon 
system  fire  control,  and  will  almost  always  produce  a level  of  firing 
accuracy  bounded  by  the  previous  two  levels.  Linear  prediction  involves 
the  gunners  assumption  that  the  target  will  continue  in  a linear  path  at 
its  observed  speed  and  m a direction  determined  by  the  true  course 
angle  and  climb  angle  at  the  time  of  fire.  Using  this  assumption,  it  is 
possible  to  predict  an  intercept  point  for  target  and  projectile  and  then 
calculate  the  required  lead  angle  to  account  tor  target  movement  during 
projectile  tune  of  flight.  If  the  target  actually  flies  at  constant 
conditions  from  tune  of  fire,  the  prediction  and  corresponding  lead  angle 
generated  b\  the  model  will  be  the  same  as  tliev  would  be  in  the  case  of 
perfect  prediction.  However,  it  the  target  helicopter  executes  any  t \ pe 
of  maneuver  during  the  time  of  flight  of  the  projectile,  then  the  total 
system  error  will  likely  contain  an  additional  component  of  error  (a  bias'). 
This  lead  bias  is  measured  by  the  length  of  the  projection,  onto  the  plane 
perpendicular  to  the  line  of  fire,  of  the  line  between  the  actual  posi 
tion  of  the  target  and  the  predicted  position  ot  the  target.  Hie  lead 
bias  error  actually  represents  the  inability  ot  the  gunner  to  accurately 
predict  target  future  position  during  helicopter  maneuver. 

Aim  and  ballistic  errors  are  required  by  the  model  as  a part 
of  the  weapon  system  description.  Since  turret  ted  guns  are  simulated  by 
the  model,  the  aiming  errors  must  be  provided  as  a function  of  off  axis 
firing  angle.  I'liey  may  also  be  exercised  as  a timet  ton  ot  range  to  the 
target . 

An  air-to-air  engagement  will  be  terminated  when  one  ot  the 
following  conditions  is  satisfied: 

• A specified  number  ot  bursts  have  been  fired, 

• The  defeat  probability  exceeds  a specified  level, 

• The  separation  range  drops  below  a specified  break  off 
d i st  ance  , 


• One  of  the  aircraft  drops  below  a specified  minimum  altitude 
(analogous  to  going  into  masking),  or 

• The  gun  turret  limits  of  the  attacking  aircraft  are  exceeded. 

When  a gunnery  duel  between  two  helicopters  is  to  be  simulated, 
two  sets  of  preliminary  calculations  by  the  HAT ACS  model  are  currently 
required.  In  each  calculation  the  engagement  conditions  of  the  duel  are 
simulated  in  all  respects  except  one.  In  the  first  calculation  only  one 
of  the  two  helicopters  is  firing  its  guns.  In  the  second  calculation, 
only  the  other  helicopter  is  permitted  to  fire.  In  this  manner  the  time 
history  of  conditional  single  burst  probabilities  of  target  defeat  is 
obtained  for  each  helicopter.  The  condition  applied  is  that  the  burst  is 
fired  by  an  undamaged  helicopter.  At  this  point,  these  probability  time 
histories  provide  input  for  the  DllKl.  sub-model  of  HAT  ACS.  bach  time  his- 
tory provides  the  time  of  fire  of  each  burst,  the  time  at  which  each 
burst  arrives  at  its  target,  and  the  resultant  probability  of  target 
defeat.  An  additional  input  for  OlH'L  is  the  firing  sequence  to  be  simu- 
lated for  the  adversaries.  The  various  time  histories  for  the  duel  are 
then  imposed  on  a master  clock  in  IHItil..  During  the  duel,  each  burst  fired 
is  appropriately  reduced  by  the  probability  that  the  firing  helicopter 
has  survived  the  duel  to  the  time  point  at  which  the  burst  is  fired.  The 
output  of  the  lUIT.l.  sub-model  contains,  for  each  helicopter,  the  time 
history  of  the  cumulative  probabilit'  that  the  helicopter  is  defeated  in 
the  due  1 . 


Specific  references  for  investigations  by  AMSAA  into  air-to-air 
gunnery  involving  helicopters  are  contained  in  the  Ribl iographv. 

Missile  Analysis.  In  the  investigation  of  helicopter  employment  of 
fixed,  forward- f i ring , guided  weapon  systems  in  air-to-air  combat,  two 
principal  times  are  of  interest.  The  first  time  is  the  time  to  maneuver 
the  attacking  aircraft  into  a position  from  which  the  target  is  acquired 
by  a sight  or  missile  sensor . The  second  is  the  time  necessary  to  meet 
some  condition  required  to  reliably  launch  the  missile,  an  example  would 
be  time  to  obtain  lock-on  In-  an  IK  sensor. 


The  time  to  bring  the  attacking  helicopter  into  position  to 
acquire  the  target  with  a forward-firing  weapon  system  can  be  subdivided 
into  three  time  intervals: 

• the  pilot  reaction  time,  i.e.,  the  time  from  detection, 
required  by  ttie  pilot  to  analyze  the  situation,  select  his 
maneuver  and  activate  the  controls, 

• the  system  reaction  time,  i.e.,  the  time  between  activation 
of  controls  and  aircraft  reaction,  and 

• the  time  from  aircraft  reaction  to  alignment  of  the  nose  of 
the  aircraft  on  the  target. 

The  pilot  reaction  time  and  the  aircraft  response  times  have  been  so  far 
assumed  to  be  independent  of  the  relative  position  of  the  attacker  and 
the  target.  On  the  other  hand,  the  time  to  accomplish  the  maneuver 
depends  strongly  on  the  relative  orientation  of  an  attacker  and  target. 
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The  description  of  such  maneuvers  is  the  object  of  a supplementary  flight 
path  generator  model  called  TRANROL  which  has  been  recently  developed 
independently  of  the  HATACS  model.  This  model  can  supply  flight  input  to 
the  HATACS  model  for  use  in  the  read-in  option.  TRANROL  uses  a combined 
pilot  and  system  reaction  time  as  an  input  together  with  the  initial 
position  of  the  attacker  with  respect  to  the  target.  After  the  response 
time  has  elapsed,  the  aircraft  rolls  into  a turn,  continues  to  increase 
the  roll  angle  up  to  a specified  value,  maintains  this  roll  angle  and  then 
rolls  out  on  target.  The  model  also  contains  an  option  which  permits  the 
attacker  velocity  to  decelerate  and  then  accelerate  back  to  initial  speed 
during  the  turn.  The  turn  maneuver  is  accomplished  in  the  model  by  a 
number  of  small  discrete  time  steps  within  which  roll  angle  and  aircraft 
speed  are  constant.  These  values  are  changed  appropriately  from  step  to 
step  to  simulate  the  continuous  motion  of  the  aircraft  in  the  turn.  The 
target  is  assumed  to  be  flying  straight  and  level  at  constant  speed. 

The  time  required  for  the  guidance  system  of  the  missile  to 
achieve  launch  conditions,  once  the  attacker  has  aligned  with  the  target, 
is  dependent  upon  the  physical  nature  of  the  specific  system  and,  under 
certain  conditions,  range  and  aspect  to  the  target.  The  computer  model 
has  two  options  with  which  time  from  "acquire"  to  "launch"  can  be  treated. 
These  options  are: 

• input  fixed  time  to  launch,  or 

• input  tables  which  give  time  to  launch  as  a function  of  range 
and  aspect  to  the  target. 

Under  either  of  these  two  options  it  is  possible  to  generate  a time  line 
analysis  from  target  detection  to  launch  for  any  particular  initial  orien- 
tation of  attacker  and  moving  aerial  target.  If  launch  conditions  can  not 
be  met  in  a particular  engagement,  under  the  second  option,  this  informa- 
tion will  be  so  stated  in  the  program  output.  Terminal  effectiveness  of 
a launch  is  not  now  a part  of  the  simulation. 

Figure  1 illustrates  the  time  line  characteristics  for  a typical 
encounter  which  can  be  simulated  by  this  procedure.  A possible  applica- 
tion of  this  model  might  occur  when  weapons  systems  of  different  character- 
istics are  being  compared  for  air-to-air  applications,  e.g. , when  a more 
potent  forward  firing  system  is  being  compared  with  a system  which  can  be 
fired  off-axis. 

Field  Test  of  Helicopter  Maneuver  Simulation.  Several  flight  path  genera- 
tors have  been  mentioned  which  were  developed  to  support  the  HATACS  model 
and  the  missile  time  line  analyses.  These  computer  sub-models,  or  sub- 
routines, are  not  engineering  models  in  the  sense  that  detailed  aerodynamic 
characteristics  of  helicopters  are  not  reflected  in  the  simulation  of 
helicopter  flight  paths.  The  approach  taken  is  that  of  kinematic  motion 
of  a point  mass  under  specified  velocity  and  acceleration  conditions 
along  pre-defined  analytic  expressions  for  the  desired  flight  path 
(straight  line  flight,  dives,  and  circular  turns).  In  the  current  version 
of  HATACS  circular  turns  at  constant  g-load  can  be  generated  and  the  fixed 
roll  angle  is  determined.  For  the  missile  time  line  analysis,  the  TRANROL 
flight  path  generator  model  was  created  which  permitted  transitional 
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roll-in  to  a maximum  roll  angle,  deceleration  in  the  turn,  acceleration 
to  original  speed  and  roll-out  on  target.  This  flight  path  generator 
model  can  also  simulate  a period  of  pure  pursuit  of  a target  aircraft 
after  the  attacking  aircraft  has  acquired  the  target  in  its  fixed  forward 
sight  (or  sensor) . 

Personnel  at  AMSAA  are  currently  involved  in  a field  exercise 
designed  to  establish  the  degree  to  which  the  latter  flight  path  genera- 
tor realistically  simulates  the  motion  of  the  helicopter  as  it  performs 
the  maneuver  required  to  get  into  position  to  acquire  the  moving  aerial 
target . 


In  the  field  exercise,  two  helicopters,  an  attacker  (A11-1G)  and 
a target  (OH-58)  fly  at  constant  speed  toward  each  other  along  parallel 
flight  paths  separated  by  a distance  of  400  meters.  When  they  come 
abreast  the  attacking  helicopter  turns  toward  the  target  until  the  tar- 
get appears  in  a f ixed- forward  sight.  The  attacker  flies  pure  pursuit 
maintaining  the  sight  on  the  target  for  approximately  ten  seconds  and 
then  ends  the  test.  Each  test  will  be  replicated  at  least  five  times  for 
each  of  five  different  attacker  aircraft  pilots.  A test  will  be  performed 
for  left  turns  toward  the  target  and  for  right  turns  toward  the  targets. 
Alternate  northbound  and  southbound  initial  flight  directions  for  the 
attacking  helicopter  will  be  examined  to  negate  the  effect  of  wing  on 
the  flight  path. 

The  Air  Warfare  Division  of  AMSAA  has  developed  an  electro- 
optical  system  by  which  the  azimuth  and  elevation  angles  to  the  attacking 
aircraft  can  be  measured  at  a rate  of  about  eight  measurements  per  second 
with  a resolution  of  better  than  0.1  of  a degree.  Range  to  the  attacking 
aircraft,  on  its  flight  path  is  measured  by  radar.  The  angul.  r measure- 
ments and  range  measurements  are  taped  for  subsequent  computer  analysis 
of  the  flight  paths.  A particular  advantage  of  this  arrangement  is  that 
computer  plots  of  the  various  replications  of  a test  can  be  obtained  on 
the  same  day  that  the  flights  arc  made.  In  addition,  the  attacking  heli- 
copter will  be  instrumented  to  obtain  roll  angle  and  speed  in  the  turn 
and  a record  of  the  target  position  in  the  fixed  sight. 

Figure  2 displays  the  layout  of  the  test  arena  used  for  the 
field  exercise.  Figure  3 presents  the  results  of  a typical  replication 
from  the  field  exercise.  The  central  curve  of  Figure  5 is  of  an  attacker 
turning  right  toward  a target  which  is  flying  along  the  positive  x-axis. 
Other  curves  are  plots  of  the  flight  path  incorporating  altitude.  The 
one  on  the  right  represents  a y-z  plot,  the  one  below  is  an  x-z  plot. 

Actual  flight  path  are  complexly  determined  real  world  events. 

On  the  other  hand  the  simulated  flight  paths  produced  by  TRANR01.  require 
but  five  specific  pieces  of  information  as  input.  These  are 

• rate  at  which  aircraft  rolls  in  and  out  of  turn, 

• maximum  roll  angle  in  turn, 

• speed  at  beginning  of  turn, 

• speed  change  within  the  turn,  and 
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FIGURE  2 FIELD  EXERCISE  LAYOUT 


• relative  position  of  attacker  and  target. 

For  a specific  helicopter  type,  these  data  can  be  obtained  from  aerodynamic 
models  of  helicopter  flight  characteristics.  Prior  to  the  completion  of 
the  field  exercise  a flight  path  will  be  generated  by  the  TRANROL  model, 
based  on  theoretical  input  data,  for  comparison  with  the  field  data.  In 
addition,  flight  paths  will  be  generated  using  roll  angle  and  speed  data 
obtained  in  the  field  exercise. 

Future  Efforts.  As  the  AMSAA  investigations  into  air-to-air  combat  between 
helicopters  proceed,  it  is  anticipated  that  the  lessons  learned  will  lead 
to  modifications  in  the  HATACS  model  and  to  the  generation  of  additional 
computer  models  to  add  more  realism  to  future  simulations. 

At  this  time  a number  of  modifications  have  been  proposed  for 
the  HATACS  model.  These  modifications  involve: 

• modeling  the  vulnerable  components  of  the  target  helicopter, 

• providing  for  multiple  helicopter  damage  levels  (attrition, 
forced  landing,  mission  abort), 

• replacing  constant  g-turn  flight  path  generator  with  TRANROL 
mode  1 , and 

• increasing  the  number  of  target  evasive  maneuvers,  e.g., 
diving  turns  and  s- turns. 
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FIGURE  3 TYPICAL  RESULTS  FROM  FIELD  EXERCISE 
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Combat  Engineering  and  Combat  Engineering  Analysis — Prospects, 
Promises,  and  Progress 

AUTHORS : Mr.  Gerald  E.  Cooper  and  MAJ  Terry  W.  Curl,  US  Army  Engineer 
Studies  Group  (ESG) 

ABSTRACT:  The  paper  provides  an  overview  of  completed  and  on-going 
work  in  combat  engineering  analysis.  The  mid-  and  longer-range  impli- 
cations of  four  ESG  papers  are  summarized: 

— Measuring  Obstacle  Effectiveness— A Fresh  Perspective. 

Military  Bridging  in  the  80s  and  Beyond — a Glimpse  into  the  Future. 
Battlefield  Obstacles — An  Appraisal  of  the  State  of  the  Art  in 
Measuring  Obstacle  Effectiveness. 

On  the  Relation  of  Combat  Engineering  (and  Combat  Engineering 
Analysis)  to  Mobility/Countermobility  and  Survivability  for 
Defensive  Operations. 

Progress  on  the  on-going  "Operational  Effectiveness  of  Obstacles"  is 
discussed.  Reference  is  made  to  continuing  effort  to  develop  an 
estimate  of  wartime  combat  engineering  requirements  of  the  V (US)  Corps 
in  Europe.  The  paper  does  not  attempt  to  provide  the  last  word  on  all 
combat  engineering;  instead  it  offers  several  suggestions  about  directions 
that  combat  engineering  analysis  in  particular  and  combat  analysis  in 
general  must  take  to  best  exploit  combat  engineering  for  tomorrow's  Army. 
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INTRODUCTION 


Combat  engineering  is  concerned  with  mobility,  countermobility, 
survivability,  and  general  engineering  on  the  battlefield.  As 
necessary,  the  Engineers  also  are  required  to  fight  as  infantry.  The 
Engineers  were  declared  a combat  arm  in  1975.  Many  changes  are  forcing 
new  thought  about  current  and  future  combat  engineering  requirements 
and  capabilities. 

Over  the  years  combat  engineering  emphasis  has  shifted  among  the 
mobility,  countermobility,  survivability,  and  general  engineering  roles. 
ESG  studies  reflect  these  differences  in  emphasis.  Seme  past  studies 
emphasized  mobility  with  little  or  no  mention  of  other  roles.  Some  other 
studies  have  been  devoted  mainly  to  countermobility.  Fortunately,  there 
have  been  times  when  from  two  to  all  the  roles  have  been  addressed 
together.  This  paper  addresses  some  recent  examples  of  ESG  studies, 
identifies  some  of  their  key  points,  and  tries  to  integrate  their  con- 
cepts into  a modest  overview  of  combat  engineering  and  on-going  combat 
engineering  analysis. 


EXAMPLE  STUDIES 


Four  recent  examples  have  been  chosen  and  are  covered  in  chrono- 
logical order: 

a.  Measuring  Obstacle  Effectiveness — A Fresh  Perspective. 
This  paper,  published  in  March  1975,  emphasizes  the  countermobility 
role  in  enhancing  a defender's  direct  fire  weapons  effects.  It  intro- 
duced the  notion  of  preferred  range/time  windows  for  the  engagement  of 
attacking  weapons. 

b.  Military  Bridging  in  the  80s  and  Beyond — A Glimpse  Into 
the  Future.  As  the  name  suggests,  this  paper  (published  in  May  1976) 
is  involved  primarily  with  mobility.  It  is  of  interest  here  for  some 
of  the  questions  it  raised  with  regard  to  the  treatment  of  battlefie’d 
uncertainty  and  criteria  of  mission  success. 
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c.  Battlefield  Obstacles — An  Appraisal  of  the  State  of  the 
Art  in  Measuring  Obstacle  Effectiveness.  This  paper  of  September  1976 
is  largely  a compendium  of  the  frustrations  met  in  trying  to  quantify 
what  many  people  regard  as  obvious  and  others  deny.  The  primary  focus 
is  on  countermobility,  but  much  is  suggested  about  possible  relations 
to  other  roles  and  activities.  The  paper  also  suggests  ways  to  over- 
come some  of  the  problems  involved  in  measuring  obstacle  effectiveness. 

d.  On  the  Relation  of  Combat  Engineering  (and  Combat 
Engineering  Analysis)  to  Mobility/Countermobility  and  Survivability 
for  Defensive  Operations.  This  November  1976  paper  only  appeared  in 
draft.  It  reports  the  results  of  some  hasty  analysis  to  prioritize 
mobility,  countermobility,  and  survivability  in  the  tight  interval 
D-l  to  D+l. 


A SNAPSHOT  OF  UNCERTAINTY 


Consider  the  results  of  a simplified  obstacle-free  duel  based 
entirely  on  data  from  unclassified  sources.  Figure  1 shows  the 
survivors  of  15  independent  simulated  trials  in  which  exchange  began 
at  2,000  meters.  One  view  might  be  that  the  15  trials  represent 
replications  over  exactly  the  same  position.  This  is  a useful  and 
interesting  viewpoint  giving  some  insight  to  likely  uncertainties. 
Another  view  might  be  that  the  same  trials  represent  activity  in  15 
adjacent  positions  all  part  of  the  same  larger  battle.  The  outcome  in 
either  view  is  discouraging  to  the  defenders,  few  of  whom  even  survive 
to  be  discouraged.  But,  as  poorly  as  the  defense  does  overall,  there 
are  four  positions  in  which  the  attackers  are  annihilated — a little 
defender  sunshine  on  an  otherwise  dreary  day.  This  sort  of  variation 
from  position  to  position  is  just  the  sort  of  result  that  makes  us 
wonder  about  the  impact  of  small-scale  uncertainty  on  larger  scale 
outcome.  We  could  consider  a different  set  of  duels  in  which  the 
defenders  did  very  well  on  the  average  but  in  which  some  few  positions 
suffered  very  badly.  Except  when  the  numbers  are  overwhelming  for  one 
side  or  the  other,  there  is  almost  always  this  spottiness  in  the  small- 
scale  outcomes.  It  was  this  sort  of  observation  that  led  us  to  think 
that  combat  engineering  should  be  analyzed  not  just  for  how  it  can 
influence  average  results  but  for  how  it  can  affect  variations  about 
the  mean,  particularly  to  guard  against  unfavorable  variations  from 
the  mean. 
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THE  PRIMORDIAL  AND  LATER  BATTLE  ANALYSIS 


In  the  beginning  of  analysis  things  were  delightfully  simple.  There 
were  attackers  and  there  were  defenders.  Each  could  only  be  alive  and 
well  or  disabled  or  worse. 

Figure  2 is  hardly  the  last  word  in  anything,  unless  it  be  over- 
simplification. Yet,  it  can  serve  to  illustrate  several  useful  notions. 
Let  us  imagine  that  each  rectangle  is  actually  a small  box.  Let  us 
also  imagine  that  different  colored  counters  represent  the  combatants. 
During  an  engagement,  the  counters  move  around  a great  deal  from  box  to 
box.  The  movement  of  any  particular  counter  may  be  greatly  influenced 
by  the  position  and  movement  of  many  other  counters,  both  friendly  and 
enemy,  especially  enemy. 


A PRIMITIVE  VIEW 
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Figure  2 
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Given  some  initial  number  of  defenders  and  attackers  in  their 
corresponding  engaged  conditions,  analysts  speculated  about  how  the 
antagonists  made  the  transition  to  disability  or  death.  They  argued 
about  whether  the  transition  rates  depended  on  the  number  of  occupants 
in  the  engaged  boxes  and,  if  so,  about  the  form  of  that  dependence. 

Some  analysts  felt  uncomfortable  with  the  simplicity  of  this  categori- 
zation scheme  and  argued  for  generalizations  representing  a richer 
variety  o:  conditions.  Why?  Because  it  was  supposed  that  differences 
in  the  condition  of  the  antagonists  influenced  subsequent  events  and 
that  the  mix  of  conditions  changed  over  time.  No  one  may  have  ever 
believed  that  all  surviving  antagonists  were  actually  "engaged"  throughout 
an  "engagement."  However,  retaining  such  a simple  categorization  scheme 
would  imply  that  the  survivor  segment  in  different  conditions  remained 
the  same  or  was  immaterial.  Yet,  if  everything  else  remained  the  same, 
how  was  one  to  explain  the  variability  among  real  or  simulated  engage- 
ments? Efforts  to  explain  such  differences  have  led  us  and  others  to 
consider,  sometimes  separately,  sometimes  together: 

. Hazards  in  deploying  to  the  scene  of  action. 

. Differences  in  range. 


. Changes  in  visibility  with  position  or  time. 


. Differences  in  protective  cover  and  surroundings. 


. "Engagement"  cf  disabled/dead  targets  or  decoys. 

. Temporary  or  permanent  dysfunction  at  or  around  obstacles. 


. Variations  in  suppression. 

These  imply  a wider  variety  of  conditions  to  be  considered  for 
weapons  and  people.  They  also  imply  a frequently  changing  number  of 
directly  engaged  weapons  and  people.  That  can  be  very  important. 


Figure  3 shows  the  most  enriched  framework  considered  in  this  paper. 
Each  of  the  two  original  engaged  blocks  has  been  generalized  to  include 
new  blocks.  Again,  the  idea  is  that  defender  and  attacker  counters 
move  from  block  to  block,  in  some  cases  back  and  forth  among  the  same 
blocks.  Without  getting  specific,  we  can  suggest  that  the  flow  of 
counters  among  blocks  depends  on  the  number  of  counters  occupying  the 
different  blocks .. .whether  we  are  thinking  about  real  battles,  table- 
top  encounters,  differential  equations,  computer  simulations,  or  day- 
dreams. This  modest  framework  is  sufficient  to  relate  the  already 
mentioned  ESC  studies  and  on-going  work. 
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Now,  if  we  are  interpreting  our  own  work  and  the  work  of  others 
correctly,  we  must  be  impressed  by  the  importance  of  occupancy  variations 
for  the  different  boxes.  Very  short-term  variations  cannot  be  ignored. 
Some  momentary  change  may  swing  short-  and  long-term  results  from  one 
extreme  to  another.  The  general  process  may  be  highly  unstable,  with 
highly  variable  outcomes.  This,  we  think,  has  different  implications 
for  attacker  and  defender.  To  some  extent,  the  defender  is  like  a chain; 
the  defense  may  be  no  better  than  its  weakest  links.  The  attacker, 
however,  may  be  as  good  as  his  few  best  probes. 

The  KSC  papers  mentioned  earlier  are  described  below  in  the  frame- 
work of  conditions  and  transformations  depicted  in  Figure  3. 


THE  FRESH  PERSPECTIVE  IN  RETROSPECT 


Measuring  Obstacle  Effectiveness — A Fresh  Perspective  introduces 
attacker  condition/activity  states  at  different  ranges.  While  it 
incorporates  some  sensitivity  to  line-of-sight  and  ballistic  varia- 
tions, the  paper  emphasizes  the  variation  of  range  with  time.  The  spirit 
of  the  paper  is  much  as  suggested  in  Figure  4.  However,  range  variation 
with  time  is  limited  to  that  of  a formation  moving  together.  The  counters 
may  die  anywhere,  but  the  survivors  move  as  a compact  whole.  The  surviving 
attackers  are  neither  permitted  nor  forced  to  split  into  subformations 
at  different  ranges.  The  paper  suggests  that  outcomes  could  be  made 
more  favorable  to  the  defender  by  obstacles  delaying  the  attacker  at 
ranges  where  the  relative  range-dependent  characteristics  of  the  defender's 
weapons  are  superior. 

The  idea  is  to  put  attackers  in  a preferred  range  window  for  a 
preferred  time.  That  suggestion  is  liable  to  the  caution  that  delay  of 
that  sort  may  put  so  many  attackers  in  the  window  that  the  defenders 
cannot  engage  them  fast  enough.  Hence,  such  an  obstacle  may  backfire. 
Without  the  obstacle,  there  is  the  hazard  that  attackers  may  close 
faster  than  they  can  be  disabled  or  destroyed  by  the  defenders'  long- 
range  weapons.  The  obstacle  under  many  expected  threat  conditions  can 
help  prolong  that  part  of  an  engagement  at  the  ranges  more  favorable 
for  the  defenders'  weapons. 

In  tightly  controlling  the  variation  in  range,  the  defense  may 
introduce  some  less  favorable  variations  in  attacker  strength  at  the 
supposedly  favorable  range.  We  have  noted  that  some  simulations  do  not 
permit  the  attacker  to  fire  beyond  the  "maximum  effective  range"  of  his 
weapons.  If  this  range  is  less  than  the  distance  between  the  defender 
and  the  obstacle,  the  obstacle  may  appear  extra  effective  and  artifi- 
cially one-sided.  It  is  worth  noting,  however,  that  the  massed  fires 
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of  many  tanks  from  beyond  their  individually  maximum  effective  range 
can  be  very  destructive  or  at  least  highly  suppressive. 


The  obstacles  in  the  Fresh  Perspectives  paper  were  not ional ized ; 
their  only  operational  effect  was  a short-term  interruption  to  attacker 
advance.  It  was  assumed,  however,  that  the  obstacle  had  been  emplaced 
to  provide  maximum  visibility  from  the  defenders'  position(s).  In 
this  sense,  the  obstacle  tended  to  reduce  the  number  of  unsighted 
combatants.  That  paper  did  not  address  another  potential  hazard  to  the 
defense.  It  did  not  consider  the  potential  distraction  and  confusion 
in  concentrating  live  and  disabled  or  dead  attackers  in  a relatively 
small  area.  It  is  conceivable  that  the  defense  might  find  more  of  its 
weapons  engaging  disabled  or  dead  attackers  than  live  targets  clustered 
around  the  obstacle.  A better  obstacle  might  have  some  properties  other 
than  delay.  For  example,  some  obstacles  can  directly  inflict  casualties 
Some  obstacles  force  or  encourage  the  attacker  to  divert  attention  from 
the  defender's  weapons,  thereby  Increasing  unsighted  attackers  but  not 
unsighting  the  defenders.  Some  types  of  obstacles  can  make  an  attacker 
temporarily  dysfunctional  without  actually  disabling  or  damaging  him. 

Figure  3 could  have  been  generalized  to  include  a much  wider 
variety  of  possible  conditions  in  or  around  obstacles.  For  example,  it 
does  not  introduce  different  psychological  states  although  some  studies 
outside  FSG  are  emphasizing  crew  reactions. 

No  one  ever  said  the  complete  analysis  of  countermobility  would  be 
easy,  thie  of  our  targets  is  to  write  a new  paper  sometime  in  the  next 
year — "Measuring  Obstacle  Ff feet iveness — A Mature  Perspective."  It  will 
not  be  easy. 


A TOUCH  OF  MOB  1 1. 1 TV 

The  bridging  paper  mainly  addresses  flow  of  defender  elements  from 
the  rear  or  side  to  assure  that  the  number  of  defenders  engaging  live 
targets  could  be  made  and  kept  sufficient.  Figure  5 shows  the  corre- 
sponding subset  of  the  general  block  diagram;  it  suggests  a need  for 
counters  to  flow  from  rear  or  side  to  engaged.  This  paper  does  not 
address  rearward  movement  to  any  great  extent;  however,  it  does  note 
that  high  attrition  environments  may  imply  heavier  rearward  flow 
of  unserviceables  if  the  forward  flow  of  serviceables  is  to  be  sustained. 
Moving  heavy  unpowered  equipment  across  gaps  can  introduce  some  special 
problems . 

The  major  analytic  problem  encountered  is  interesting  because  it 
surfaces  repeatedly  in  different  guises.  We  find  that  most  discussions 
of  bridging  mission  success  directly  equate  percent  of  success  with 
percent  of  gaps  that  could  be  crossed.  Grossing  0 of  10  gaps  allegedly 
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produced  90  percent  mission  success.  We  point  out  the  inherent  differ- 
ences between  single  and  multiple  route  requirements.  Regarding  the 
single  route  as  a chain,  the  analyst  notes  that  a single  gap  too  long 
among  many  gaps  becomes  a weakest  link  and  may  drive  mission  success 
to  zero.  In  contrast,  for  six  parallel  routes  perhaps  only  three  or 
four  of  six  columns  need  arrive  to  achieve  complete  or  nearly  complete 
success.  The  discussion  sounds  more  like  a debate  on  the  comparative 
reliability  of  series  and  parallel  circuits  than  a treatise  on  tactical 
mobility.  It  certainly  emphasizes  the  Importance  and  difficulty  of 
estimating  success  when  dealing  with  combinations  and  sequences. 


COUNTERMOBILITY  REVISITED 


Battlefield  Obstacles— An  Appraisal  of  the  State  of  the  Art  in 
Measuring  Obstacle  Effectiveness  collects  a variety  of  thoughts  about 
measuring  or  demonstrating  the  effectiveness  of  battlefield  obsta- 
cles, natural  and  manmade.  After  considering  historical  records  and 
several  approaches  to  combat  analysis,  the  paper  notes  that  obstacle 
effectiveness  measurement  has  remained  primitive  and  unconvincing. 

Part  of  the  difficulty  is  traced  to  limitations  in  representing  and 
interpreting  obstacle-free  combat. 

Among  other  points,  the  paper  argues  that  too  many  representations 
of  obstacle- free  combat  consider  too  few  conditions  of  attackers  and 
defenders.  Many  of  the  ignored  conditions  are  deemed  important  to 
short-  and  long-term  results.  Therefore,  any  model  that  does  not  include 
such  conditions  becomes  suspect  as  a means  for  analyzing  or  demonstrating 
obstacle  effectiveness. 

Ths  paper  speculates  that  some  useful  obstacle  effects  may  have  more 
to  do  with  reducing  variations  about  some  mean  value  than  with  changing 
a mean  value  directly.  The  speculation  extends  to  the  suggestion  that 
managing  or  conditioning  variations  about  some  mean  should  sooner  or 
later  lead  to  new  opportunities  to  change  mean  values  as  well.  A 
corollary  to  the  speculation  is  that  expected-value  combat  formulations, 
by  definition,  do  not  represent  th >se  possibly  critical  subtleties. 

In  the  year  since  the  lament  was  published,  an  encouraging  number 
of  agencies  have  added  some  theoretical  and  empirical  evidence  to  the 
countermobility  debate.  Though  certainly  relevant,  the  new  evidence  is 
not  yet  sufficient.  We  can  take  little  if  any  credit  for  the  new 
evidence.  Rather,  the  invention  of  scatterable  mines  is  forcing  more 
people  to  think  about  countermobility.  Individually  and  combined, 
all  the  combat  arms  must  add  evidence. 
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A BROADER  VIEW 


Mobility  and  eountermoblllty  each  might  fully  occupy  different 
analysts  for  their  lifetimes.  At  some  time,  however,  it  becomes  nec- 
essury  to  let  the  different  combat  engineer  roles  compete.  The  last 
paper  considered  here  takes  a broader  view  than  the  first  three  but  stops 
short  of  a total  overview.  Indeed,  there  are  limitations  to  both  the 
scope  and  approach  used  for  On  the  Relation  of  Combat  Engineering  (and 
Combat  Engineering  Analysis)  to  Mobl litv /Countermobl 1 It y and  Surviv- 
ability for  Defensive  Operations.  The  main  object  of  the  paper  is  to 
prioritize  mobility,  countermobility,  and  survivability  for  defensive 
operations  In  1985  Europe  from  D-l  to  P+l — a key  segment  of  the  first 
battle.  The  approach  is  to  consider  weapon  hit/kill  characteristics 
and  terrain  as  principal  combat  influences.  Quantitative  data  are 
considered,  but  largely  as  ratios  and  in  simple  scratchpad  calculations. 

After  having  given  so  much  attention  to  mobility  and  countermobl 1 i ty 
in  the  months  preceding  that  analysis,  we  decided  that  survivability 
outranked  countermobility  and  that  countermobility  outranked  mobility  in 
Importance.  And,  impressed  bv  the  volume  of  attacker  fires  and  the 
difficulty  of  suppressing  them,  we  suggested  that  deception  be  inserted 
between  countermobility  and  mobility  though  not  necessarily  as  a combat 
engineering  role. 

One  feature  of  this  view  is  that  there  are  few  if  any  universal 
rules.  The  combatants  generally  try  to  influence  transitions  among 
their  own  and  their  opponent's  conditions.  What  is  a good  move  in  one 
circumstance  may  be  unnecessary  in  another  case  and  an  outright  mistake 
in  yet  another.  In  particular,  the  relative  strengths  are  critical. 

The  side  with  overwhelming  strength  need  not  shunt  opponents  into  some 
unsighted,  diverted,  or  dysfunctional  condition  before  dispatching  them 
to  the  great  beyond.  I'p  to  some  threat  level,  the  defender  need  do 
nothing  special  to  condition  attackers.  For  example,  obstacles  may  not 
contribute  much  until  a certain  threat  exists.  However,  combat  engineer- 
ing may  become  critical  as  the  threat  increases.  At  even  higher  threat 
levels,  no  amount  of  combat  engineering  may  be  a sufficient  addition  to 
or  multiplier  of  defense  weapons.  We  can  be  sure  that  somewhere,  some- 
time the  defense  and/or  attacker  will  do  something  that  varies  from  the 
expected,  however  defined,  (liven  our  concern  that  the  defense  is  as 
weak  as  its  weakest  links  and  the  attack  as  strong  as  its  few  strongest 
points,  it  should  not  be  hard  to  understand  our  motive  in  trying  to  make 
combat  engineering  control  or  minimize  such  variations,  dust  how  much 
is  enough  quantitatively  remains  less  than  clear. 


Notice  that  none  of  the  papers  referenced  here  addressed  general 
engineering.  Amazingly,  general  engineering  is  often  taken  for  granted 
by  supporters  and  supportees.  There  are  several  efforts  underway  to 
remedy  that  situation  and  to  bring  all  four  combat  engineering  roles 
into  perspective  with  one  another  and  with  systems  in  general.  ESC  is 
a participant  in  many  of  these  efforts.  We  are  now  analyzing  the 
totality  of  combat  engineering  in  V (US)  Corps  and  expect  to  turn  our 
attention  to  VII  Corps  in  the  near  future.  In  a more  abstract,  riskier 
vein,  we  continue  trying  to  pump  substance  into  the  notions  of  obstacle 
effectiveness.  ESC.  is  also  participating  in  the  combat  engineering 
project  of  the  TRADOC  Family  of  Systems  Studies.  All  current  projects 
mentioned  are  ambitious  in  scope  and  approach  and  should  lead  to  useful, 
exciting  results  to  be  reported  at  some  later  AORS. 


TITLE:  Division  Restructuring  Study  Program 
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Training  and  Doctrine  Command  Combined  Arms  Test  Activity 
(TCATA) 

ABSTRACT : This  paper  describes  the  test  program  for  Restructured 

Division  with  emphasis  on  the  Battalion  Test  to  be  conducted  beginning 
in  October  1977.  The  purpose,  objectives,  scope,  instrumentation,  and 
schedule  are  included.  Examples  of  the  data  to  be  collected  are  given. 
This  field  test  will  be  the  largest  test  ever  conducted  using  instrumen- 
tation to  provide  hit  and  kill  data  in  near  real  time. 
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TITLE : Division  Restructuring  Study  Program 

AUTHOR:  Dr.  Virgil  Henson 

AGENCY:  Training  and  Doctrine  Command  Combined  Arms  Test  Activity  (TCATA) 


INTRODUCTION 

Elsewhere  in  these  proceedings  Colonel  Don  Pihl's  paper  outlines  the 
concepts  for  the  Restructured  Division.  The  purpose  of  this  paper  is  to 
describe  the  test  program  for  the  Restructured  Division  with  emphasis  on 
the  Battalion  Test  to  be  conducted  beginning  16  October  1977. 

PURPOSE 

The  purpose  of  the  test  program  is  to  evaluate  the  combat  effectiveness 
of  organizations  of  the  proposed  Restructured  Heavy  Division  and  to  provide 
field  test  data  to  support  appropriations,  simulations,  analysis,  and  eval- 
uation efforts  by  other  agencies.  The  results  will  assist  in  the  comparison 
of  the  Restructured  Division  as  currently  structured  in  order  to  determine 
and  recommend  the  most  effective  division  structure. 

TEST  ORGANIZATION 

Figure  1 depicts  the  organization  for  testing  and  the  command  relation- 
ships which  have  been  established  for  the  purpose  of  this  test.  Note  that 
the  test  director,  the  III  Corps  Commander,  has  all  of  the  elements  re- 
quired for  test  and  evaluation  under  his  immediate  control.  In  addition 
to  the  forces  required,  the  two  divisions  and  the  support,  TCATA  has  been 
placed  under  his  operational  control  for  this  test.  Note  also  that  he 
reports  to  TRADOC  and  that  both  the  Combined  Arms  Center  and  the  Operational 
Test  and  Evaluation  Agency  will  conduct  independent  evaluations  of  the  test 
results . 


TEST  OBJECTIVES 

There  are  six  major  test  objectives  as  indicated  in  Figure  2.  The 
first  four  objectives  will  be  examined  in  detai1  during  the  Battalion  Phase. 
The  fifth  objective  as  well  as  the  first  four  will  be  covered  during  the 
Division  Phase.  The  sixth  objective.  Training  Implications,  has  been  the 
subject  of  data  collection  beginning  the  first  of  July,  1977,  and  will 
continue  throughout  the  entire  test  program.  Figure  3 summarizes  the  test 
and  analysis  plan.  It  indicates  the  units  to  be  tested  during  both  test 
phases  and  the  schedule  for  restructuring  as  well  as  test  dates  and  in- 
process  reviews.  This  plan  covers  only  the  field  test  portion.  The  Combined 
Arms  Center  and  the  Operational  Test  and  Evaluation  Agency  may  continue  their 
analyses  beyond  the  time  indicated  in  the  figure. 
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TEST  OBJECTIVES 


MANEUVER  BATTALION  TEST 


The  scope  of  the  Maneuver  Battalion  Test  is  shown  at  Figure  4.  It 
will  be  a comparative  test  with  the  performance  of  the  current  battalion's 
task  force  being  compared  to  that  of  task  forces  which  used  restructured 
organizations.  Although  the  sample  size  for  the  battalions  to  be  compared 
is  small  (2  each),  we  wiil  have  an  opportunity  to  contrast  the  performance 
of  six  line  companies  and  eighteen  line  platoons  for  each  type  organizatie 
Note  also  that  all  battalions  will  participate  as  both  player  and  aggress* 

In  order  to  accomplish  this,  a round  robin  scheme,  depicted  at  Figure  5 
will  be  used.  The  first  task  force  will  be  tested  during  a 3-day  period, 
during  which  it  will  be  opposed  by  elements  of  up  to  three  task  forces 
acting  as  aggressor  (the  units  when  acting  as  aggressor  will  be  highly 
controlled  and  will  present  formations  and  target  array  similar  to  those 
Warsaw  Pact  nations  would  be  expected  to  present).  At  the  end  of  the 
test  period,  the  first  battalion  becomes  a portion  of  the  aggressor  force 
and  a second  battalion  task  force  is  tested.  This  process  continues 
until  all  four  battalion  task  forces  have  been  subjected  to  a 3-day 
test  period.  Instrumentation,  a description  of  which  is  offered  later, 
is  then  switched  from  the  first  set  of  four  battalions  to  a second  set 
and  the  process  is  again  repeated. 

INSTRUMENTATION 

The  Battalion  Test  relies  heavily  on  instrumentation,  not  only  to 
produce  comparative  attrition  data  but  to  insure  that  the  forces  on  both 
sides  "play  the  game."  The  forces  involved  in  the  test  will  be  the 
largest  that  have  ever  been  instrumented  with  hit/kill  instrumentation 
that  operates  in  near  real  time.  A description  of  the  instrumentation 
system  is  shown  at  Figure  6.  Only  main  armament  (tank  main  guns  and  anti- 
tank guided  missiles)  will  be  simulated  during  this  test.  The  total  number 
of  instrumented  systems  will  reach  118  during  the  field  trials.  A sample 
of  the  forces  involved  and  the  number  of  systems  that  will  be  fully  in- 
strumented by  trial  is  shown  at  Figure  7. 

TRIALS  SCHEDULE 

The  schedule  for  the  month  of  October  is  shown  at  Figure  8.  Note 
that  the  trial  times  for  each  battalion  task  force  is  broken  into  6-hour 
blocks.  Prior  to  each  major  event  (movement  to  contact,  night  defense, 
etc),  a 6-hour  period  is  allotted  to  insure  that  the  vehicles  and  their 
instrumentation  are  operational  so  that  full  data  capture  can  be  assured. 

As  indicated  earlier,  upon  completion  of  the  first  four  trials  on  30  Oct  77, 
the  instrumentation  will  be  removed  from  the  vehicles  of  the  first  four 
battalions  and  placed  on  the  second  set  of  four.  In  addition,  time  is 
allotted  for  field  training  after  the  instrumentation  is  installed  and 
before  the  trials  begin.  Past  experience  has  indicated  that  units  using 
the  instrumentation  are  trained  to  use  the  terrain  much  better  and,  in 
general,  conduct  better  tactical  exercises  as  a result  of  the  instrumentation. 
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Upon  completion  of  the  installation  and  training,  the  second  set  of 
trials  will  be  conducted  during  the  period  2 thru  16  December. 

DATA  COLLECTION 

Examples  of  the  data  to  be  collected  for  the  first  test  objective  is 
shown  at  Figures  9 and  10.  Similar  data  will  be  collected  for  the  re- 
maining objectives.  Note  that  the  data  is  both  objective  and  judgemental 
in  nature.  For  example,  all  the  data  for  1.1  Effectiveness  of  Fires,  with 
the  exception  of  documentation  of  fire  control,  will  be  gathered  through 
instrumentation  and  reduced  and  statistically  tested  through  automatic 
data  processing.  On  the  other  hand,  documentation  of  tactics  and  techniques 
employed  (1.8)  will  be  accomplished  by  evaluators  at  battalion,  company, 
and  platoon  level.  Thus,  the  evaluators,  who  will  view  both  types  of  units 
during  the  test,  are  key  to  the  successful  comparison  of  the  current  and 
proposed  units.  There  are  a total  of  96  evaluators,  primarily  field  grade 
officers,  that  will  be  devoted  to  the  task  of  both  collecting  data  and 
rendering  judgement  as  to  its  meaning. 

MILESTONES 

The  milestones  for  the  Battalion  Test  are  shown  at  Figure  11.  It  will 
culminate  with  a decision  by  the  Chief  of  Staff  after  considerable  analysis 
by  the  Combined  Arms  Group  of  the  relative  effectiveness  of  the  current 
battalion  and  those  proposed  for  the  Restructured  Division.  It  can  be 
expected  that  neither  organization  as  currently  structured  will  be  in- 
dicated. but  that  one  or  the  other  will  be  modified  in  order  to  provide 
the  best  possible  battalion  structure  for  the  US  Army.  Similarly,  it  is 
expected  that  the  remaining  elements  of  the  division  can  be  "fine-tuned11 
as  a result  of  the  division  test  conducted  in  the  Fall  of  1978. 

DIVISION  TEST 

Planning  for  the  Division  Test  is  just  getting  underway.  The  scope 
of  the  test  is  shown  at  Figure  12.  Note  that  this  test  is  not  comparative 
in  nature,  but  rather  will  provide  data  on  the  effectiveness  of  the  Restructured 
Division  which  can  be  compared  in  models  and  simulations  with  existing  data 
on  the  current  division.  Particular  attention  will  be  paid  to  the  command 
and  control  problems  of  the  division  and  brigades,  the  Combat  Service  Support 
(with  emphasis  on  maintenance,  supply,  and  medical  support)  and  in  general, 
the  effectiveness  of  the  support,  interface  between  the  division  and  the  units 
of  the  echelons  above  division. 
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Figure  10 
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ABSTRACT : The  Environment  and  Radar  Operation  Simulator  (EROS)  is  a 

hybrid  system  combining  a general  purpose  computer,  special  purpose  digital 
hardware  and  analog  hardware,  whose  function  is  to  produce  synthetic  back- 
scatter.  The  simulator  is  electrically  connected  to  a subject  radar,  and 
the  synthetic  backscatter  constitutes  a simulation  of  the  radar's  external 
world.  The  purpose  of  EROS  is  to  reduce  the  cost  of  environment  testing 
for  battlefield  surveillance  radars  by  improving  the  repeatability  and 
controllability  of  tests  and  by  replacing  much  of  the  field  testing  with 
laboratory  testing.  Battlefield  clutter  is  synthesized  by  an  array  of 
digital  filters,  which  provide  controllable  amplitude  distributions, 
spatial  distributions,  and  spectra.  Targets  are  simulated  by  combining 
recorded  backscatter  with  user-defined  maneuvers.  EROS  interacts  with  the 
subject  radar  by  sensing  its  antenna  scan  angle  and  by  responding  in  real 
time  with  the  correct  composite  backscatter  at  video  frequency. 
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1.  Purpose  of  Program 

The  Environment  and  Radar  Operation  Simulator  (EROS)  is  a hybrid 
system  combining  a general  purpose  computer,  special  purpose  digital 
hardware,  and  analog  electronics,  whose  function  is  to  produce  syn- 
thetic radar  backscatter.  The  equipment  has  been  built  by  the  Engineer- 
ing Experiment  Station  at  Georgia  Tech  under  contract  DAAB07-74-0272, 
under  the  direction  of  the  U.  S.  Army  Electronics  Command.  The  synthetic 
backscatter  produced  by  EROS  combines  realistically  simulated  radar- 
return  components  from  a variety  of  targets  and  clutter.  This  backscatter 
incorporates  amplitude  and  frequency  fluctuations  due  to  variations  in 
radar  cross  section,  Doppler  shifts,  and  other  phenomena.  The  resulting 
synthetic  waveform  is  available  for  insertion  into  the  radar  at  IF,  video, 
and  Doppler. 

The  simulated  scenario  is  specified  by  the  EROS  operator  and  includes 
the  locations  and  movements  of  objects  producing  radar  backscatter: 
troops,  vehicles,  vegetation,  hills,  insects,  etc.  The  scenario  descrip- 
tion also  includes  radar  and  reflectivity  characteristics:  antenna 
pattern,  range  dependence,  etc. 

The  EROS  system  translates  scenario  information  into  signal  data  in 
a form  appropriate  for  real-time  simulation.  During  real-time  simu- 
lation, the  EROS  system  combines  scenario  data,  signals  from  the  subject 
radar,  and  operator  commands  into  realistic  radar  backscatter,  which  is 
applied  to  the  radar  receiver.  This  form  of  simulation  permits  labora- 
tory testing  as  an  alternative  to  field  testing  and  has  a number  of 
potential  advantages: 

• EROS  testing  promises  to  be  less  expensive  than  field  testing, 
because  of  the  convenience  of  the  laboratory  as  a test  site. 

o The  results  are  controllable  to  a high  degree  of  scenario 

detail.  Unpredictable  influences  such  as  weather  changes  do 
not  affect  EROS  tests. 

o The  tests  are  repeatable.  This  has  obvious  benefits  in 

experimentation  and  in  repair  of  radar  receiver  components. 
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Signal  insertion  at  frequencies  other  than  RF  permits  simu- 
lated field  testing  of  specific  receiver  components  (e.g., 
embodying  unproven  clutter  reduction  techniques)  without 
having  to  incorporate  this  component  in  a complete  radar. 

In  principle,  it  is  highly  desirable  for  EROS  to  be  applicable  to 
all  existing  troop  surveillance  radars  and  to  embody  sufficient  flexi- 
bility to  accommodate  as  yet  unspecified  radar  designs.  This  is  a 
long-range  goal  and  not  a specific  objective  of  the  current  program.  A 
particular  subject  radar,  the  AN/PPS-15,  has  been  chosen  to  prove  feasi- 
bility of  the  EROS  concept  and  design,  and  EROS  has  been  built  to  address 
this  radar.  However,  the  design  incorporates  flexibility  that  will 
permit  easy  adaptation  of  the  first  EROS  system  to  other  radars. 

2.  EROS  Description 

The  scenario  to  be  simulated  (see  Figure  1)  is  an  annular  shaped 
region,  which  represents  the  portion  of  the  battlefield  visible  to  the 
radar.  The  region  is  subdivided  into  concentric  rings  (at  constant 
range  from  the  subject  radar)  and  radial  columns  (at  constant  azimuth 
with  reference  to  the  subject  radar).  The  simulated  antenna  beam  con- 
sists of  a contiguous  subset  of  m of  these  azimuth  columns.  The  center 
of  the  beam  is  determined  by  sampling  a voltage  from  the  subject  radar, 
which  represents  its  antenna  angle. 

The  intersection  of  range  rings  and  azimuth  columns  defines  a 
subdivision  of  the  scenario  into  four-sided  cells,  which  will  hereafter 
be  called  "simulation  cells."  The  concept  of  the  simulation  cell  is 
useful  in  providing  a reference  for  the  EROS  operator  in  defining  the 
scenario.  Moreover,  much  of  the  internal  communication  between  EROS 
components  is  expressed  in  terms  of  simulation  cells. 

The  EROS  hardware  consists  of  a digital  computer,  special  purpose 
digital  hardware,  and  analog  hardware.  The  flow  of  data  between  these 
components  is  illustrated  in  Figure  2.  The  computer  contains  a cathode 
ray  tube  graphic  display  unit  and  approximately  40  million  bits  of  online 
disk  storage.  These  facilities  are  used  to  assist  the  EROS  operator  in 
defining  the  scenario  and  to  participate  in  the  real-time  simulation  by 
supplying  control  information  to  the  digital  hardware.  The  digital 
hardware,  in  turn,  generates  synthetic  clutter  backscatter,  applies 
antenna  pattern  weighting,  and  combines  clutter  signals  with  target  sig- 
nals. The  combined  data  are  sent  to  the  analog  hardware.  The  analog 
hardware  applies  range-dependent  weighting  (e.g.,  R-/*  power  attenuation) 
and  generates  a video  frequency  signal  incorporating  the  subject  radar's 
transmitter  modulations. 

The  target  and  clutter  signals  reflect  the  Doppler  and  radar  cross 
section  fluctuations  of  the  simulated  backscatter.  In  the  computer 
and  digital  hardware  these  are  expressed  in  terms  of  sampled  waveforms. 
Each  sample  is  a complex  quantity  represented  by  the  two  quadrature 
components  of  the  waveform. 

Target  signals  in  EROS  are  recorded  on  the  computer  disk  during 
scenario  definition.  Additional  target  data  (specified  via  the  computer's 
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Figure  2,  EKOS  Data  ami  Control  Flow. 
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This  arrangement  avoids  maintaining  k sets  of  hardware  for  the  k simula- 
tion cells.  Moreover,  by  permitting  the  digital  computer  to  write  into 
the  parameter  memory,  it  provides  a means  for  simulating  the  clutter 
response  to  antenna  scanning.  As  simulation  cells  drop  off  the  trailing 
edge  of  the  antenna  beam,  new  cells  enter  the  leading  edge.  The  computer 
overwrites  the  parameters  of  the  trailing-edge  cells  with  the  parameters 
of  the  leading-edge  cells. 

One  loop  through  the  k cells  constitutes  one  Doppler  sampling  cycle. 
The  clutter  hardware  produces  samples  for  k cells  during  the  Doppler 
sampling  cycle.  These  are  combined  with  a small  number  (at  most  two) 
target-signal  samples  with  their  respective  antenna-pattern  weights  and 
range  ring  numbers  that  the  computer  has  sent.  These  data  are  combined 
as  follows. 


o Azimuth  weights  are  applied  to  the  target  and  clutter  samples 
(the  antenna  pattern  for  clutter  is  sent  from  the  computer 
during  initialization  and  the  digital  hardware  stores  this 
array  in  a random- access  memory) . 

o All  clutter  samples  at  the  same  range  are  added  together 
(azimuth  integration). 

o The  target  samples  are  added  to  the  appropriate  clutter  sums 
(based  on  the  specified  range-ring  number). 

The  result  is  a range  profile — one  value  for  each  range  ring. 

The  range  profile  is  recomputed  at  the  Doppler  sampling  frequency, 
which  is  several  times  slower  than  the  pulse-repetition  frequency  (PRF) 
of  the  AN/PPS-15  radar.  Therefore,  the  digital  hardware  stores  each 
range  profile  in  a random-access  memory.  This  same  data  is  retrieved 
at  the  PRF;  several  repetitions  of  the  same  data  are  used  before  a new 
range  profile  is  stored. 


The  range  profile  is  sent  to  the  analog  hardware  at  the  PRF.  Each 
transmission  is  delayed  a fixed  interval  after  the  radar's  pulse  trigger; 
this  delay  corresponds  to  the  distance  between  the  radar  and 
the  closest  simulated  range.  The  range  samples  are  sent  in  ascending 
range  order.  The  interval  between  samples  corresponds  to  the  width  of 
the  simulated  range  ring.  Each  range  sample  is  accompanied  by  the 
corresponding  range-dependent  attentuation.  For  example,  the  range 
attenuation  might  vary  proportional  to  R-2  to  simulate  R~^  power  loss. 
After  the  transmission  of  the  range  sample  for  the  most  distant  ring, 
the  digital  hardware  waits  for  the  trigger  denoting  the  next  radar  pulse. 
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The  analog  hardware  employs  3 D/A  converters:  1 for  the  in-phase 
signal  component,  1 for  the  quadrature  signal  component,  and  1 for  the 
range  weight.  The  range  weight  is  applied  to  the  two  signal  components 
using  an  analog  multiplier.  The  signals  are  then  fed  through  an  analog 
integrator  in  order  to  simulate  the  transmitter  modulation  of  the  AN/FPS-15 
radar.  Finally  a controllable  amount  of  analog  noise  is  added  to  account 
for  antenna  and  receiver-front-end  noise,  and  the  result  is  applied  to 
the  video  stage  of  the  AN/PPS-15  radar. 

3.  Simul.it  ion  Preparation  Software 

Simulation  preparation  software  consists  of  programs  to  assist  the 
operator  in  describing  the  scenario.  Much  of  the  information  is  maintained 
in  reference  files  (called  "libraries"),  whose  contents  may  have  widespread 
applicability  in  many  scenarios.  All  input  entered  by  the  user  is  checked 
for  validity,  and  diagnostics  are  written  when  errors  are  detected. 

Generous  provision  is  made  for  the  user  to  append  comments  to  document 
his  simulation  data.  Optional  printouts  permit  the  user  to  generate 
reference  reports  that  define  the  f lies' contents  and  that  contain  the 
user-written  comments. 

The  records  in  the  clutter  spectral  library  specify  the  spectral 
properties  of  the  clutter  filters.  Each  record  corresponds  to  a different 
spectral  behavior,  and  is  identified  by  a unique  integer.  Facilities  are 
provided  for  the  EROS  user  to  add  or  cnange  records  in  this  library. 

The  complete  clutter  library  consists  of  records  which  contain  both 
spectral  and  radar  cross  section  information.  To  define  a record  in  this 
library  the  user  supplies  (1)  a 2-character  code  to  identify  the  record, 

(2)  an  integer  that  refers  to  a record  in  the  clutter  spectral  library, 
and  (3)  radar  cross  section  values  for  the  fixed  and  moving  components 
of  clutter.  The  clutter  library  update  program  retrieves  the  spectral 
information  inferred  by  the  given  spectral-reference  integer.  Facilities 
are  provided  for  the  EROS  user  to  add,  delete,  or  change  records  in  the 
library . 

The  clutter  scenario  description  program  assists  the  user  in 
defining  the  positional  dependence  of  clutter.  The  computer’s  graphic 
cathode-ray-tube  and  light  pen  are  made  available  to  the  user  to  expedite 
his  definition  of  8192  cells  in  the  clutter  description  array.  The  type 
of  clutter  in  each  cell  is  identified  by  the  two-character  code  that 
refers  to  a record  in  the  complete  clutter  library.  The  user  may  also 
need  to  define  a clutter  weight  array,  which  specifies  an  amplification 
or  attenuation  to  be  applied  to  the  radar  cross  section  in  each  cell. 

The  weights  can  account  for  partial  masking,  range  dependence  of  the 
cell's  areas,  incidence  angle  effects,  etc.  A unique  file  name  is 
associated  with  each  clutter  description  array  and  each  clutter  weight 
array.  Facilities  are  provided  for  the  EROS  user  to  revise  an  array 
or  to  define  a new  array  as  a modification  to  a previously  defined 
array.  The  clutter  scenario  compilation  program  combines  specified 
arrays  and  reference-file  information  to  produce  the  "compiled 
clutter  scenario  file"  in  an  optimal  format  for  real-time  simulation. 
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The  target  portion  of  a scenario  is  built  up  from  recordings  and 
from  target  path  definitions.  The  recorded  information  extracted  from 
the  A/D  converters  is  stored  on  disk  files.  A unique  file  name  is 
associated  with  each  recording.  The  computer's  cathode  ray  tube  and 
light  pen  are  available  to  the  user  for  describing  the  target  paths, 
which  are  depicted  in  the  form  of  a B-scope  display.  The  target  com- 
pilation program  combines  one  or  two  target  paths  and  the  recordings 
referenced  in  these  paths.  It  produces  the  "compiled  target  scenario 
file"  in  an  optimal  format  for  real-time  simulation. 

Antenna  patterns  are  represented  during  real-time  simulation  by 
a 409b-point  table  for  attenauting  target  signals  and  by  a 68-point 
table  for  attenauting  clutter  signals.  The  user  specifies  the  pattern 
with  13  points  spaced  at  1-degree  intervals  from  the  beam  center.  The 
computer  translates  this  specification  into  an  antenna  pattern  file 
which  holds  the  two  tables. 

The  range-weight  file  consists  of  197  attenuation  factors  corre- 
sponding to  range  rings  from  60  to  3000  meters  at  15-meter  intervals. 
Specified  range-weight  inputs  are  converted  to  fixed-point  format  for 
real-time  simulation.  Only  64  of  these  weights  are  used  during 
any  given  simulation  run.  The  minimum  range  for  the  simulation  deter- 
mines which  of  these  64  weights  to  use. 

4.  Real-Time  Software 


The  user  initiates  a simulation  run  by  entering  the  name  of  an 
"EROS  scenario  file."  EROS  scenario  files,  which  are  created  by  the 
user  via  the  operating  system's  text  editor,  contain  the  names  of  the 
component  files: 

o a compiled  clutter  scenario  file, 
o a compiled  target  scenario  file, 

o an  antenna  pattern  file, 

o a range-weight  file. 

During  simulation  initialization  various  tables  and  constants  are  read 
into  the  computer  and  into  digital-hardware  memories.  These  include  the 
antenna-pattern  and  range-weight  tables.  EROS  starts  producing  simulated 
backscatter  when  the  radar's  antenna  reaches  a specified  azimuth  and  is 
proceeding  in  a specified  scan  direction.  This  increases  the  repeatability 
of  EROS  experiments.  After  simulation  has  started,  the  real-time  program 
responds  to  the  antenna's  azimuth  by  copying  appropriate  clutter  and 
target  data  from  the  disk  files  to  the  digital  hardware. 

5.  Digital  Hardware 

The  digital  hardware  performs  those  functions,  where  the  speed  and 
the  number  of  computations  are  beyond  the  real-time  capability  of  the 
computer.  The  data  inputs  to  the  digital  hardware  are  supplied  by  the 
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computer : 


« Kilter  parameters  and  current  azimuth  for  clutter 
° signal  samples,  range,  and  azimuth  weight  for  targets. 


The  clutter  processor  continuously  calculates  synthetic  clutter  back- 
scatter  from  544  cells  In  the  currently  simulated  antenna  beam.  Each 
Doppler  sampling  cycle  consists  of  performing  one  computation  step  for 
each  filter,  applying  the  antenna  pattern  weights,  and  performing  azimuth 
integration.  The  azimuth  input  from  the  computer  is  used  to  determine 
which  antenna-pattern  weight  applies  to  a given  cell.  Azimuth  integration 
consists  of  adding  together  the  returns  from  cells  at  the  same  range. 

The  result  is  a sampled  range  profile  of  clutter  return 


s0,  ...  s63 

spaced  at  15-meter  intervals,  such  that 


S62  = S63 

The  values  of  these  64  samples  are  recalculated  each  240  psec. 

The  target  processor  applies  the  azimuth  weight  to  the  two  quad- 
rature components  of  each  target  sample  and  stores  the  products  with  the 
associated  range-ring  number  in  a random  access  memory  (RAM).  In  general, 
two  such  sets  of  data  are  required  for  each  Doppler  sampling  cycle, 
because  part  of  a target  sample  is  allocated  to  one  range  ring,  and  the 
balance  is  allocated  to  an  adjacent  range  ring.  The  RAM  is  capable  of 
storing  data  for  128  Doppler  sampling  cycles.  Status  bits  are  stored  in 
the  RAM  to  denote  the  end  of  each  Doppler  sampling  cycle  and  the  end  of 
128  Doppler  sampling  cycles.  Two  such  RAM's  are  used,  so  that  the  computer 
can  load  one  of  them  while  the  target  processor  retrieves  previously 
loaded  data  from  the  other  one.  Each  retrieved  sample  is  added  to  the 
clutter  range  profile  at  the  range  specified  by  the  retrieved  range-ring 
number. 

The  video  signal  is  produced  by  storing  each  range  profile  in  a RAM 
and  by  reading  it  back  at  the  radar's  pulse  repetition  frequency  (PRF). 

The  Doppler  sampling  frequency  is  1/9  the  PRF  of  the  AN/PPS-15  radar; 
therefore,  each  range  profile  is  read  back  9 times.  Two  RAM's  are  used 
for  this  purpose,  so  that  one  of  them  can  be  loaded  from  the  target 
processor  while  the  video  signal  is  read  from  the  other  one. 

6.  Analog  Hardware 

Analog  hardware  is  needed  in  any  radar  signal  simulation  to  convert 
digital  samples  into  a form  suitable  for  insertion  into  the  radar.  More- 
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over,  in  EROS  the  range-weighting  and  range- integral  ion  functions  are 
performed  in  analog  hardware  to  meet  the  AN/PPS-15  radar’s  dynamic-range 
and  video-bandwidth  capabilities. 

Twelve-bit  0/A  converters  are  available  with  speeds  adequate  to 
process  real-time  video  signals.  Three  such  converters  are  used:  (1)  to 
convert  sign  and  magnitude  of  in-phase  (I)  data  prior  to  range  weighting; 

(2)  to  convert  sign  and  magnitude  of  Quadrature  (Q1  data  prior  to  range 
weighting;  and  (3)  to  convert  magnitude  of  the  range  weight  values.  The 
analog  output  of  the  range  weight  D/A  converter  is  multiplied  by  the  I 
signal  and  by  the  Q signal  in  separate  analog  multipliers. 

For  video  signal  simulation,  digital  signals  representing  the  1 and 
Q content  and  range  weight  of  successive  range  rings  are  latched  into  the 
three  D/A  converters  at  100  nanosecond  intervals  (which  corresponds  to 
about  15  meters  in  round-trip  propagation).  Outputs  of  the  analog 
multipliers  are  integrated  in  analog  integrators,  which  are  reset  period- 
ically by  pulses  coincident  with  the  transmitter  modulation.  Since  signals 
from  all  range  rings  art-  present  for  equal  time  increments,  integration 
with  respect  to  time  is  equivalent  to  algebraic  addition  of  the  data  from 
successive  range  rings.  The  output  from  the  integrators  is  a faithful 
representation  of  the  envelope  of  AN/PPS-15  radar  return,  because  the 
radar  transmits  CW  with  IS0°  phase  reversals  at  the  PRF.  The  integrators 
are  also  quite  effective  in  reducing  the  bit-switching  transients  that 
are  inherent  in  D/A  converters.  The  output  of  the  integrators  are  fed 
into  variable-gain  video  amplifiers,  which  provide  calibration  and  the 
addition  of  adjustable  simulated  receiver  noise.  Simple  band-pass  filters 
are  used  to  limit  the  video  signal  bandwidth  to  that  of  the  radar  pre- 
amplifier, and  to  further  attenuate  bit-switching  transients  that  originate 
in  the  D/A  converters.  v 

For  simulation  of  range-gated  Doppler  signals,  the  EROS  operator 
selects  one  of  the  64  range  rings  by  means  of  a knob- On  the  analog  hardware. 
Digital  signals  representing  the  1 content.  Q content,  and  range  weight  of 
the  selected  range  ring  are  latched  into  the  D/A  converters  at  the  trans- 
mitter modulation  rate,  and  each  sample  is  held  for  a time  equal  to  the 
interval  between  transmitter  modulations.  The  range  integrators  have  been 
switched  out,  and  the  range  weighting  analog  multipliers  are  connected 
through  low-pass  filters  to  variable-gain  Doppler  output  amplifiers. 

The  present  method  of  analog  range  weighting  lends  itself  readily 
to  simulation  of  other  types  of  radar  modulation.  In  -particular,  the 
bipolar  video  signal  of  conventional  pulse-Doppler  radar  differs  from  the 
AN/PPS-15  video  in  that  the  returns  from  a single  range  resolution  cell 
contribute  to  the  video  signal  at  any  given  point,  in  the  interpulse  interval. 
This  signal  could  be  simulated  in  EROS  simply  by  switching  out  the  range 
integrator  and  by  adjusting  signal  and  noise  levels  appropriately  for  the 
parameters  of  the  radar  under  test.  The  range-gated  Doppler  signal  for 
pulse  modulation  and  for  the  AN/PPS-15  modulation  do  not  differ  in  form, 
and  only  the  adjustment  of  signal  and  noise  levels  is  required. 
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DELAY  FUZE  REQUIREMENTS  AND  EVALUATION  OF  JO -30mm  AMMUNITION 
JOHN  J.  MCCARTHY,  us  Army  Materiel  Systems  Analysis  Activity 
TESTING  (,  EXPERIMENTATION 

In  February  1074  The  Joint  Technical  Coordinating  Group  for 
Munitions  Effectiveness  was  tasked  to  conduct  a Comparison 
Study  of  20- 30mm  ammunition  in  the  air-to-air  role.  The 
target  of  interest  was  the  Eishbed-J.  In  order  to  conduct 
this  study  it  was  necessary  to  initiate  an  extensive  Vulner- 
ability Test  and  Assessment  Program. 

The  primary  objectives  of  the  vulnerability  test  program  was: 

(a)  The  ability  of  an  HE I projectile  to  cause  an  inlet  duct 
rupture  and  a fuel  ingestion  kill  in  the  aircraft. 

(b)  The  probability  of  a sustained  external  fuel  fire  given 
a hit  by  an  HE1  projectile  in  a full  fuselage  fuel  tank  on 
the  dorsal  tank  considering  the  effects  of  altitude  and  air 
speed. 

A special  JTCG/ME  report  has  been  prepared  on  this  effort.  It 
is  entitled  Fishbed  Aircraft  Vulnerability  Study  61  JTCC/ME- 
76- 1 . 


The  paper  to  be  presented  will  concentrate  on  the  test  program. 
Attached  is  Appendix  R from  the  referenced  study  which  summarizes 
the  key  elements  of  the  test  program  and  results  relative  to 
the  benefits  of  delay  fuzing  against  aircraft  targets.  The 
data  are  applicable  to  air  defense  studies  as  well  as  air-to-air 
gun  evaluations. 

30  Minutes 
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APPENDIX  B 

TEST  PROGRAM  SUMMERIES 

SECTION  I - FUEL  TANK  VULNERABILITY 


B-1.  (U)  PHASE  I - COMPARISON  OF  THE 

LETHAL  RADIUS  OF  20MM  AND  25MM  HEI 
PROJECTILES  AGAINST  A VARIABLE 
GEOMETRY  FUEL  TANK  SIMULATION 

a OBJECTIVE 

( I ) The  objective  of  Phase  I is  to  determine  the 
critical  tuptuie  distance  for  the  20mm  and  25mm 
projectiles  with  both  point  and  dela>  -detonating  fu/es  Die 
critical  rupture  distance  or  lethal  laduts  fot  a piojecttlc 
impacting  the  from  skin  at  a full  fuel  tank  is  defined  as  the 
maximum  radius  between  the  projectile  detonation  point 
and  the  rear  skin  of  that  fuel  tank  which  results  in  a failure 
of  the  teat  skin  (Figure  B-1).  A failute  of  the  icai  skin  lot 
purposes  of  this  test  and  evaluation  is  defined  as  a 
projectile-caused  ’-inch  or  longei  crack  m the  teai  skin  or 
the  loss  of  0.5  square  inch  or  more  surface  area  of  the  reat 
skin. 


Fi^ura  B-1.  (VI  Lathal  radius  cntaria. 


(2)  This  lethal  radius  parameter  is  intended  to  be 
utilized  as  a measure  of  projectile  lethality  against  a 
fuselage  fuel  tank  engine  inlet  duct  configuration  Impacts 
into  the  fuselage  fuel  tank  of  single-engine, 
cential-inlet-configured  airctaft  such  as  the  MIG-21  can 
cause  rupture  of  the  fuel  tank  inlet  duct  skin  resulting  in 
fuel  leakage  (ingestion  1 into  the  engine  inlet  duct  and 
subsequently  into  the  auciatt  engine  itselt  When  this  fuel 
toss  i ale  into  ihe  inlet  duel  is  sufficient,  an  engine  kill  and 
subsequent  attctafl  loss  can  result  Hi  modeling  critical 
aitcrafl  and  piojectile  parameters  fot  this  test,  a 
determination  of  the  capability  of  each  of  the  subtect 
piojectiies  to  inflict  this  type  of  kill  can  he  deletmined  tot 
various  fuel  tank  thicknesses 

b TEST  SPECIMEN 

(1)  The  Phase  I test  specimen  is  a specifically 
designed  Tank  Wall  Si  null  -r  I oi  (TWS).  designed  and 
fabricated  by  AI-'FUL  PI'S  personnel.  It  is  i multisection 
tank  incorporating  four  steel  sides  vstth  teplaceablc 
cntiancc  (front)  and  exit  (back)  aluminum  skins  clamped 
and  bolted  in  place.  The  tank  is  configured  with  a haste 
4-mch-thick  section  with  additional  sectirins  of  various 
thicknesses  bolted  to  it  The  overall  size  of  the  IM  S is  TO 
inches  high  by  60  inches  long  with  thickness  vary  ing  from  4 
to  IS  inches  Die  pressme  transducers  (fuel,  till  diam  lines, 
and  vent  lines  are  installed  in  the  basic  T inch  section.  Other 
sections  aie  then  added  to  the  fiont  to  change  the  TWS 
thickness  when  requited. 

(2)  Two  impact  skin  geometries  wete  utilized  single 
and  double  wall  The  single  wall  panel  was  sized  to 
approximate  the  single-wall  portion  of  the  cxtetiot  skin  of 
the  MIG-21  The  skin  was  2024  I T aluminum,  TO  V n0 
inches,  0.07 1 inch  thick. 

(T)  The  double-wall  panel  configutation  was  similar 
to  that  of  the  single-wall  panel  with  a 12  X TO  X 0 040  inch 
2024- TT  aluminum  sttiket  plate  attached  to  the  fuel  tank  m 
front  of  the  0.071 -inch-thick  entrance  skin 

(4)  The  exit  skin  (ot  hack  wall),  bolted  and  clamped 
to  the  teat  of  the  TWS.  was  made  of  0 .100  inch  thick 
2024-TT  aluminum.  Dus  panel  simulates  the  engine  inlet 
duct  skin  of  the  MIG-21 
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(5)  Fuel  lank  bladder  malt'iial  was  sandwiched 
between  both  ibe  sinuilaied  skins  and  the  TWS  frame  This 
bladder  matenal  was  specially  fabricated  al  Uie  Goodyeai 
Tut  and  Kubbei  Companv , Akron,  Ohio,  to  Al  l 01 
specifications  The  thickness  of  the  lest  bl.uidei  material  is 
0.04 ! inch 

c PROJECTILES  TESTED 

(I)  There  were  basically  four  dilTerent  domestic 
projectiles  tested  during  Phase  I flies  consisted  of  the 
-Omm  and  -'mm  III  I projectile  bodies  combined  with  a 
point  detonating  and  a delayed  luce  In  addition,  there 
weie  thiee  Soviet  protectiles  tested  as  a basis  for  comparing 
the  effects  from  the  delayed  tu/e  versus  the 
siipenpnck  luce 

(HI  lot  this  testing,  a superc/uuk  fuce  was 
defined  as  one  which  detonates  the  round  immediately 
upon  impact  so  that  the  detonation  occuried  in  tiee  an 
outside  the  fuel  tank  fins  type  ol  detonation  is  always 
chaiaclenced  bv  fragment  scratches  on  the  outside  ot  the 
tank  wall.  Pie  Jo/ji t,l  luce  was  defined  is  one  which 
detonates  the  tound  a sufficient  tune  alter  impact  to  allow 
the  projectile  to  penetrate  the  impact  skill  completely 
heloie  detonating  All  delayed  proiectiies  were  estimated  to 
function  lust  inside  the  external  skin 

d TEST  SETUP 

(I)  The  test  specimen  was  installed  in  the  Ballistic 
Impact  Test  Facilttv  (Bi  l l ).  Range  No.  - Pie  TWS  was 
clamped  to  a stainless  steel  liamcwoik  with  a catch  tank 
placed  beneath  the  TWS  to  collect  the  fuel  lost  during  the 
tests. 

(-1  The  fuel  noticed  for  the  tests  was  Phillips  3 -0 
'Pus  fluid  has  a specific  gravity  of  0.803  and  a flashpoint  of 
::0  degrees  Fahrenheit.  Bv  using  this  fluid,  blast  and 
hydraulic  ram  damage  is  similar  to  that  expected  ftom 
tankage  utilising  actual  fuel  with  a much  reduced  lire 
hacard.  This  fluid  was  ignited  during  some  tests,  but  the 
damage  was  small  and  the  lite  was  easily  extinguished. 

(3)  The  TWS,  when  tilled  with  fluid  for  testing,  was 
picssunced  to  1. 15  psig  This  pressure  is  iepiesent.it tve  of 
differential  pressure  between  ty  pical  fuel  tankage  and  static 
pressure  existing  in  an  engine  inlet  duct  during  flight 

(4)  The  gun  and  lank  were  onented  to  produce  an 
impact  with  a > .leeree  oblugiil'.  The  standoff  distance 
was  apmoxiniatelv  ID  feet 


tr.  TEST  CONDITIONS  SUMMARY 


lx  let  rial  Mach  Static 

Fuel  Tank  Piessure  (psig)  ITS 

Fuel  Amount  (gal)  ,f|  to  140 

Altitude  (ft)  OSO 

Fuel  Type  Phillips  220 

Impact  Skin  Thickness  (in.) 

Single  0.071 

Double  0.040/0.071 

Duct  Skin  Pnckness  (in.)  0.100 

Alloy  (aluminum)  2024-T3 

Fuel  Specific  Gravity  0.803 

Fuel  Flashpoint  ( " F ) 320 


t CONCLUSIONS  Lethal  radius  is  the  maximum 
radius  between  the  piotectile  detonation  point  and  the 
rear  wall  ol  the  TWS  lesulting  in  a failure  of  that  wall 
Because  ol  the  difficultv  in  determining  the  exact 
detonation  point  ol  some  ptotecttles  and  that  detonation 
poult’s  dependency  on  specimen  configuration,  it  is 
necessary  to  bracket  the  lethal  radius  (including  a lange  of 
detonation  distances)  based  on  best  estimates  ol  projectile 
detonation  points,  (’ritual  Tank  Thickness  (CTT)  foi  each 
protect  le'lnel  conliguration  (the  maximum  TWS  thickness 
lesultin  ’ in  teai-wall  taiUuefwdl  also  be  given 

(I)  30mm  Supcnjuick  Single  Skin.  Pie  lethal  ladtus 
and  cutical  tank  thickness  are  both  less  than  4 inches 
inches. 

(3)  30mm  Supoii|uick  Double  Skin.  Pie  lethal  radius 
is  less  than  5.35  inches  and  the  cri'ical  tank  thickness  is  les' 
than  4 inches. 

(31  30mm  Delay  Single  Skill  1 The  lethal  i.idius  is 
between  4 and  o inches  and  the  cnt.cal  tank  thickness  is 
equal  to  S inches. 

(4)  30mm  IVlav  lXuible  Skin  The  lethal  radius  is 
between  4 and  o inches  and  the  cutical  tank  thickness  is 
espial  to  b inches 

(5)  35mm  Siipcii)utch  Single  Skin  The  lethal  ladius 
and  the  critical  t • k thickness  are  both  o inches 

((>)  25inni  Supeiquick  Double  Skin  The  lethal  radius 
is  less  than  5.35  inches  and  the  critical  tank  thickness  is  less 
than  4 niches 
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ot  JH'i'i  Mi  1.1 


O IVlax  Single  Skin  1 l>n  letha  minis  is 

prjlci  than  14  i,.  It-  imhrx  and  tin-  ritual  lank  Ihixknexs 
ln  greater  than  IS  iruheN 

(S)  :sim„  iviax  I X>uMc  Skin  Hie  lethal  ij,Iiiis  ,s 
oealei  than  14  to  l<*  xn.h.x  and  lhceiitie.il  tank  thieknexx 
n greater  than  1 S tin  hex 

B 2.  |U>  PHASE  II  COMPARISON  OF 
20MM.  20MM  IMPROVED.  ANO  25MM  HE  I 
PROJECTILE  EFFECTIVENESS  AGAINST  A 
MODIFIED  A 7 REPl  ICA  FUSELAGE 

a OikJECTIVE 

(!)  Hie  xxhieetive  o!  Phaxe  11  i>  to  eompair  the 
etleetnenexx  ot  the  .'Omni  (M't.).  the  .'Omni  Impioxed.  ami 
the  'Stum  loutulx  against  a simulated  xmglee  rgme. 
he.ltle'  tipe.  aitetall  t.ngel  h\  nteanx  ol  gunfire  texting  in 
realist  einiionment  The  eompariMxii  ot  them  thiee 

pioteetiles  xxill  he  haxext  on  xexeial  paiameteix  to  he 
eitueted  liom  the  text  lex.iltx  Hiexe  pauineteix  nvlnde 
piohahihtx  oi  tin  versus  art  no*  velocity,  hyd  . . am 

piesxines.  xiiiielnta)  danuee.  and  inlet  engine  Fuel 
ingestion  In  these  testx.  the  eMeels  of  ,ni  on  xoi.Nitx  on 
the  prohahilitx  ol  fire  vxete  tnxextiealed  h\  attempting  t, 
ilet'me  the  nijMinuin  attfloxx  xoloeiti  at  which  a , o lined 
fire  ean  he  initiated  hx  impa.tx  ol  the  text  pi  neetiles  I he 
Fuel  ingestion  Miex  and  xtiueniial  danuee  to  the  inlet  dint 
skin  xxeie  alxo  monitored  and  thes  serve  as  ai 

additional  haxix  loi  .ompanxon 

(.'I  An  uttj'.iv l into  tnxelaee  foe  ..,Mkaee  hx  an  HI 
proieetile  ean  texult  in  a sustained  tnel  file  in  and  mound 
the  tmpaei  xxxumd  xxhieh  in  tiiir.  . exitli  m an  aueiafl 
loss  In  addition  an  impjel  into  tutelage  ttiel  tankage  o 
single-engine,  eenttal  inlet  dm  t eonligtiied  aiieiatl  ear 
e.mxe  ruptii  e ol  the  tuel  tank  x" ! .- 1 duet  xkm  texultme  m 
fuel  leakage  into  the  ci'gitii  Wlvi  tlnx  tuel  ingestion  i.ite  ix 
sufficient  an  engine  kill  and  suhxex|tienl  aueiatt  loxx  ear 
result,  fix  nii'delmg  entiea)  aueiatt  and  ptoieeiile 
fvuameteix  tor  these  texts,  a dete: mmatioii  ot  the  eapahtlilx 
ol  each  x't  the  suhteet  pure,  Ides  to  mthet  these  tspes  ot 
kill  ean  he  assessed 

b TEST  SPECIMEN 

(II  The  Phase  II  test  M'eetmon  is  a modifies!  I 
rr pits'.!  fuselage  It  is  a stainless  steel  skeleton  that  .tlloxx . 


realism  panels  to  lx'  laslened.m  pl.ne  as  tai  s n i ls  I o'  the 
ITuse  II  tests,  the  light  hand  Ihtwaid  1 . k ,,  as  used  tl  i 

Ik?) 


iMi-Arr  and  duct  skins  rvnr ai  mic  gi  maii  hiai  and 

IKIL'KNt  SS 


♦ njkur  B tU'  Mortiluul  A ? tost  \p«\  invt'ii 


{ ' ) \'hc  mtpael  sk.w  included  two  ilrit-in: 
a»n  l ien  at  ions  a single  am)  double  w ah  i he  m-  y\  wav 
panel  w .is  made  ot  '0*4  1 ; ...  am  '0  \ t'0  m*he>. 
0.0- 1 nuh  I hick  Hie  double  w.!  pane!  wiv  s'!  . c same 
overall  dimensions  as  the  v gle-wall  panel  but  w.vs 
fabricated  utih.mg  .i  0 iVN-mch*thick  inner  'km. 
0.l*40-mch-lhu  k outer  -kr  . . • hm.c.ion  c?  ••  . .n\! 

.’\eclioi  stith  rvrs  to  ptodtnc  .r  x-veul!  jhu  k »»*■ as  v ! » *• 
inches  ( \ able  0 M V.  a!' wen  .'0'4  ] } a m : • 

fht  dud  skin  w .i"  . s - . ' I i : 

0. !00  inch  Chick.  tolled  to  the  contour  o'  the  J xi  with  no 
mtcimedi.ite  strtteners  l .i;  t.-nk  bUdde1  mate  .. 
Mfulwieln'O  Ivtween  tho  ' 'ulated  n'miix  (bvMh  ;!•.  . • \n  : 
AU\l  the  %Uwt  ss*mS  .e  4 *4\  xl.r  ev\  \tee:  tni,,,ew»”k  H-> 
in  pe  ot  .urantvmem  miiih;,  :eJ  : . x'f  a \ e'  t.e-v 

h).k)t)ci  4it il  aKk*  Net\eJ  .is  a e.isket  • • sea  ' n ear  .■  s U 
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APPENDIX  B SECTION  I 
FUEL  TANK  TESTS 


c.  PROJECTILES  TESTED  Four  projectiles  wore 
tested  during  Phase  II 

• .'Omni  Ml  I (M56) 

• 20mm  III  l (M 5b)  with  Delay  Fuze 

• -’Omni  111  I Impioved 

• .’''mm  III  I Delay  Fuze 

d TEST  CONDITIONS  SUMMARY 

( Menial  Mach  0..!  0 7.7 

Fuel  lank  Pressure  (psig)1  .1.0  & I 15 

Inlet  Duct  Static  Pressure  (psigi1  I 85  A 0 0 

Fuel  Tank  Inlet  Duct  Differential  Presume  (psid)  I 18 
Fuel  Amount  teal)  "5 

Fuel  Type  Blend  ot  JIM  A IP-5 


1 -I  delta (wour?  j PUnk  hvs  maintained  at ! ISpstg 


Fuel  Flashpoint  (°F)  102 

Fuel  Temperature  (°F)  bO 

Altitude  (It)  ‘>50 

Impact  Skin  Thickness  (in.) 

Single  0 071 

Double  0.040/0.025 

Duct  Skin  Thickness  (in.)  0.100 

Alloy  (aluminum)  2024  II 

Impact  Obliquity  (deg)  tiO 


e RESULTS  A total  ot  .17  tests  were  peilormed  with 
die  modified  A-?  replica  fuselage  in  the  AFFDl./ Aircraft 
Survivability  Research  Facility.  The  tests  are  divided  into 
eight  different  series  dependent  on  test  specimen 
configuration  test  procedure 'Test  projectile.  Two  dilieient 
types  of  kill  mechanisms  were  investigated  in  the  Phase  II 
testing.  Fust,  and  of  pnmatv  importance,  is  the  kill  due  to 
a sustained  tire  in  the  fuel  tank.  Second  is  an  engine  failure 
due  to  the  ingestion  of  raw  fuel  from  a ruptured  inlet 
duct  fuel  tank  wall.  The  results  are  presented  in  Tables  B 1 
and  B-2. 


Table  B1.  I U 1 Results  oi  Phase  II  Test  Inlet  Duct  Failure 


Code 

Single  Vvoll 1 

Double  Wall* 

Code  1 (20mnr) 

0 Failures  0 Vests 
(lu  Not  Applicable ) 

0 Fjiluies  - Tests 

(“ode  2.  > (20rnmD.  -Omni  Imp) 

S Failures  S Toms 

0 Failures  J Tests 

Code  4 ( 25mmD) 

0 Failures  (>  Tests 

2 Failutcs  2 Tests 

1 / ■'dil'.iri-  !0  iiPM  >r  greater  fuel  ingest  u » 

n. 

Table  R 2 (U)  Results  of  Phase  II  Test  - Sustained  Fire 


Double  Skin 

Single-Skin 

Single  Skin 

Code1 

Short  Fuselage 

Short  Fusel. ige 

Fong  Fuselage* 

Velocity 

Velncilx 

Velocit> 

200  500 

750  4'5 

150  475 

('ode  1 (20mni) 

II  0 1 

2’ 3 

0.5  0/5 

Code  2 t 20mm  D) 

0 2 

Code  5 1 20mm  Imp) 

1 1 0T 

2 2 02 

t ode  l l 2 Nnmt)) 

FT  0 1 

1/7 

1 l u'/wt-v  are  <ru*ri  for  nu^iher  of  fires  number  of  tests. 

2 1 *.  c \iu  \!jge  includes  jnJ  V-/.  *1  >/  aft  fairing,  larger  jirfl  w 

<\  ti'p  arj  bottom  flow  fences 
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B-3.  (U)  PHASE  III  - EFFECTIVENESS  OF 

HEI  PROJECTILES  AGAINST  A FISHBED  J 
REPLICA  FUSELAGE  FUEL  TANK 

a.  OBJECTIVE.  The  objective  of  Riase  III  is  to 
compare  the  effectiveness  of  the  20mm  (M56),  the  20mm 
Improved,  and  the  25mm  HEI  projectiles  against  a replica 
foreign  target  by  means  of  gunfire  testing  in  a realistic 
environment.  The  specimen  used  in  this  phase  was  a replica 
Fishbed  J type  aircraft  fuselage  fuel  tank.  The  comparison 
of  the  three  test  projectiles  was  based  on  several  parameters 
to  be  extracted  from  the  test  results.  These  parameters 
include  probability  of  fire,  hydraulic  ram  pressure,  and 
structural  damage.  Of  these,  the  major  parameter  is  the 
probability  of  sustained  fuel  fire.  In  these  tests,  the  effects 
of  airflow  velocity  and  altitude  on  the  probability  of  fire 
were  investigated  by  attempting  to  define  the  combination 
of  altitude  and  airspeed  conditions  at  which  a sustained  fire 
can  be  initiated  by  selected  impacts  of  the  test  projectiles. 
The  hydraulic  ram  pressures  and  structural  damage  to  the 
inlet  duct  skin  were  used  as  an  additional  basis  for 
comparison. 


b.  TEST  DESCRIPTION. 

(1)  Target.  The  target  was  a replica  Fishbed  J 
fuselage  section  containing  a non-selfsealirig,  bladder-type 
fuel  cell  of  approximately  200  ga'lons  capacity.  The 
fuselage  section  accurately  simulated  the  fuel  cell 
configuration  and  the  surrounding  fuselage  structure.  The 
target  construction  allowed  for  replacement  of  the  damaged 
portions  of  the  target  without  requiring  extensive  repair  or 
replacement  of  the  complete  fuselage  section. 

(2)  Fuel.  The  fuel  cell  was  filled  with  a JP-5/JP-4  fuel 
mixture  for  each  test  shot  and  pressurized  to  3.5  psid 
during  the  test.  The  fuel  within  the  fuel  cell  was 
conditioned  to  the  temperature  representative  of  a typical 
mission  profile. 

(3)  Airflow.  For  test  position  A,  both  external  and 
inlet  duct  flow  were  established.  The  external  flow 
temperature  represented  the  total  temperature  for  the 
specified  altitude  and  Mach  number.  The  flow  in  the  inlet 
duct  represented  the  conditions  at  the  engine  compressor 
inlet  for  the  engine  operating  at  military  power  settings. 
The  section  of  the  fuselage  skin  wetted  by  the  airflow  was 
large  enough  to  completely  cover  the  damaged  portion  of 
the  target. 

(4)  Obliquity  Angle.  All  the  projectiles  were  fired 
from  a position  such  that  the  angle  between  the  fuselage 
section's  longitudinal  centerline  and  the  Une-of-fiight  of  the 
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projectile  is  not  greater  than  30  degrees.  The  stand-off 
distance  from  the  end  of  the  gun  muzzle  to  the  projectile 
impact  point  was  8 feet  or  greater.  Projectile  impact 
locations  are  shown  in  Figure  B-3.  Figure  B4  illustrates  the 
replica  target  installation. 


c.  PROJECTILES  TESTED.  The  following  projectiles 
were  tested  during  Phase  III: 


Type 

Fuzing 

Velocity 

20mm  (M56) 
20mm  Imp 
25mm 

Supcrquick 

Delay 

Delay 

2800  ft /sec 

3 200  ft /sec 
3650  ft/scc 

d.  TEST  CONDITIONS  SUMMARY 


Fuel  Loading 
Main  Fuel  Tank 
Dorsal  Tank 
Fuel  Temperature  (°F) 
Fuel  Type 
Fuel  Pressure  (psi) 
Airflow  Velocity  (kts) 
Altitude  (ft) 

Inlet  Duct  Flow  (Mach) 
Impact  Obliquity  (deg) 


Full,  30%  ullage,  60%  ullage 
Vapor  Filled 
60 

Simulated  Soviet  Fuel 


3.5 
350, 475 
5,000  to  35,000 
0.52 
60 


e.  RESULTS.  The  sustained  fire  results  for  the  20  shots 
are  summarized  in  Tables  B-3  and  B-4. 
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Figure  B-3.  (U)  Projectile  impact  locations. 
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Table  B 3.  (Ul  Phase  III  Fuel  Fire  Data  ?Omm  W*.)6 


Nit-speed  Mtitiidc  Number  of  Tests  I Numbei  of  I i 


All  if  licit* 

Number  of  I ests 

Number  ol  1 ires 

(10 

Projectile 

1 5 .000 

' 'Omni  MS(> 

0 

IS.  000 

.'  '.'0mm  MSd 

0 

1 5 .01  HI 

1 '0mm  Imp 

l nkiu'u  n 

IS. 000 

1 ,’Smm 

l nknv'wn 
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TITLE:  Analysis  of  Laser  Designation  Errors 

AUTHORS : Julian  A.  Chernick  and  John  F.  Sheldon 

US  Army  Materiel  Systems  Analysis  Activity 

ABSTRACT:  Data  from  the  1976  MIRADCOM  Laser  Designator  Test  was 
analyzed  to  determine  statistical  parameters  that  allow  the  designation 
errors  to  be  represented  by  analytic  formulas.  The  various  test  runs 
were  grouped  by  common  subsets  of  the  test  data  to  allow  the  sensitivity 
of  the  errors  to  the  independent  parameters  of  the  test  to  be  quantified. 
Means  and  standard  deviation  of  the  bias  errors  for  each  data  subset  and 
the  standard  deviation  of  the  random  errors  about  the  bias  errors  were 
computed  assuming  the  errors  were  independent  in  time — a valid  assump- 
tion for  sampling  times  greater  than  about  1/2  second.  For  sampling 
times  shorter  than  this,  an  autoregression  model  was  exercised  to 
determine  the  model  order  and  parameters  required  to  describe  the 
process  for  each  common  data  subset. 
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TITLE : Analysis  of  Laser  Designation  Errors* 

AUTHORS : Julian  A.  Chernick  and  John  F.  Sheldon 

US  Army  Materiel  Systems  Analysis  Activity 

1 . BACKGROUND 

During  the  period  12  November  through  2 December  1976,  the  US  Mmy 
Missile  Research  and  Development  Command  (MIRADCOM)  by  direction  of  the 
Project  Manager  for  Precision  Laser  Designators,  with  assistance  from 
various  other  interested  Army  organizations,  conducted  a test  of  desig- 
nation accuracy  (sum  of  human  tracking  and  atmospheric  scinti  1 1 t L. n 
effects)  of  the  three  laser  designator  systems  • irrently  under  various 
stages  of  development  by  the  services.  They  are  the  Ground  Laser 
Locator  Designator  (GLLD),  the  Modular  Universal  Laser  Equipment  (MULE) 
and  the  Laser  Target  Designator  (LTD).  Both  the  GLLD  and  MULE  are 
tripod-mounted  and  are  combined  designators/rangefinders,  while  the  LTD 
is  a smaller  hand-held  designator-only  unit.  These  lasers  can  provide 
target  designation  for  terminally  guided  weapons  such  as  COPPERHEAD  and 
HELLFIRE.  Only  first  generation  experimental  units  were  available. 

2.  BRIEF  DESCRIPTION  OF  TEST  AND  DATA  COLLECTED 

Twelve  "user  personnel"  were  selected  from  Fort  Campbell,  KI  to 
operate  the  designators  under  a variety  of  representative  test  condi- 
tions presented  from  a partially  balanced  test  matrix  (described  more 
fully  in  Reference  2).  A total  of  766  test  runs  were  made  (234  with 
GLLD;  284  with  MULE,  and  248  with  LTD).  The  targets  were  rectangular 
panel  boards  with  silhouettes  of  the  front  and  side  view  of  the  T-b2 
tank.  The  boards  were  larger  than  the  silhouettes  to  allow  the  measure- 
ment of  most  of  the  laser  pulses  that  might  miss  the  target  in  order  to 
obtain  a more  complete  set  of  data  for  the  estimation  of  the  error 
statistics.  Both  a marked  and  an  unmarked  target  was  used  for  the  front 
view  condition.  The  side  view  targets  were  also  tested  at  both  station- 
ary and  moving  conditions  (constant  crossing  speeds  of  10  mph  and  20  mph) 
while  the  front  view  only  involved  stationary  conditions.  Target  range 
took  on  about  3 or  4 different  values  depending  on  the  designator  being 
tested.  In  side  experiments  the  effects  of  canting  the  GLLD  and  MULE 
by  10  degrees  and  the  operator  posture/supporting  technique  of  the  LTD 
were  compared.  Boresight  checks  were  conducted  on  a daily  basis  for 
the  GLLD  and  MULE. 

A variety  of  measurement  equipment  was  used,  so  that  if  one  system 
were  to  fail  on  a given  test  run,  results  from  the  backup  systems  would 
be  used  instead.  Designation  error  records  were  generated  automatically 
from  the  primary  systems  and  from  manual  film  reading  when  some  of  the 
backup  measurement  systems  were  used. 

The  data  for  all  test  runs  were  compiled  on  a digital  tape  with  a 
copy  sent  to  AMSAA  for  analysis.  The  data  tape  consisted  of:  l)  Header 
record  for  each  run  (run  number,  measurement  system,  des i gnat  -r-t,  — 
target  range,  designator  type,  operator,  target  view,  velocity,  visibil- 
ity range);  2)  Horizontal  and  vertical  designation  errors  (coordinates 

*This  effort  is  described  more  fully  in  Reference  1 . 
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of  the  energy  centroid  of  the  laser  spot  on  the  panel  in  meters 
referenced  to  the  center  of  the  turret  ring)  on  a pulse-by-pulse  basis. 

When  pulses  were  not  detected  by  the  measurement  system  a special 
code  was  placed  on  the  data  tape.  This  situation  could  have  been  due 
to  the  laser  operator  or  designator  failing  to  transmit  a pulse,  the 
measurement  system  failing  to  detect  a pulse  on  target,  or  the  laser 
beam  wandering  off  the  target  panel  altogether.  The  durations  of  the 
individual  test  runs  were  generally  between  IT  and  20  seconds. 

3.  STUDY  APPROACH 

Two  methods  of  analysis  were  investigated,  with  the  difference 
between  them  depending  on  whether  or  not  the  designation  errors  were 
considered  to  be  correlated  in  time.  To  put  it  another  way,  the  errors 
are  time  correlated,  provided  the  error  series  is  sampled  frequently 
enough,  (i.e.  errors  from  one  pulse  are  correlated  with  the  errors  from 
the  previous  few  pulses)  and  hence  a time  correlated  model  is  necessary, 
while  if  sampling  is  not  required  as  frequently,  (i.e.  every  1/2  second 
or  more)  the  errors  appear  to  be  uncorrelated,  and  hence  the  random 
process  assumption  is  valid.  Following  the  chronology  of  the  study  the 
random  process  error  model  results  will  be  described  first. 

h.  RANDOM  PROCESS  MODEL  RESULTS 

Preliminary  results  from  a sample  of  the  test  runs  led  some  to 
speculate  that  the  laser  designation  errors  may  not  be  normally  distri- 
buted. Since  most  of  the  weapons  effects  techniques  that  have  been 
developed  over  the  years  are  centered  around  normal  distribution 
assumptions,  the  first  effort  involved  establishing  a method  whereby 
normal  and  non-normal  runs  could  be  distinguished.  It  was  found  that 
the  visual  examination  of  frequency  distribution  histograms  of  the 
designation  errors  sufficed  for  this  purpose  and  could  be  obtained 
quickly  for  all  test  runs  by  using  the  computer  line  printer  histogram 
subroutines.  The  additional  expenses  of  making  goodness-of-fit  tests 
for  each  run  was  not  considered  to  be  warranted  for  this  purpose. 
However,  had  the  goal  been  to  determine  whether  a different  distribution 
(say  the  Weibull ) fit  the  data  better  than  the  normal,  the  use  of 
goodness-of-fit  tests  may  have  been  appropriate. 

It  was  found  that  the  percentages  of  runs  involving  non-normal 
errors  were  insufficient  to  require  altering  the  basic  assumptions  of 
normality,  only  about  &%  of  the  GLLD,  9 % of  the  MULE,  and  16%  of  the 
LTD  runs.  The  non-normal  runs  were  investigated  in  greater  detail  by 
examining  time  history  plots  of  the  horizontal  and  vertical  errors,  and 
scatter  plots  of  the  horizontal  versus  vertical  error  coordinates  on  a 
pulse-by-pulse  basis.  Three  major  categories  (with  subcategories)  were 
found  to  account  for  virtually  all  the  non-normal  runs.  Some  correla- 
tions of  these  categories  with  the  test  variables  were  noted. 
Improvements  in  tracking  seemed  to  be  correlated  with  conditions  of 
stationary  unmarked  targets  and  close  range.  The  appearance  of  large 
errors  that  were  quickly  compensated  for  appear  to  be  correlated  with 
moving  targets  and/or  medium  to  large  range.  Large  error  scatter 
(nearly  uniform  distributions)  in  both  coordinates  was  found  to 
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correlate  with  the  combination  of  moving  targets  and  generally  poorer 
visibility  conditions. 

Since  the  indicated  correlations  suggest  reasonable  causes  of  the 
non-normal  data  as  opposed  to  equipment  malfunctions  or  operator.:  n 
following  correct  procedures  it  was  felt  more  likely  than  not  that 
similar  percentages  of  non-normal  errors  would  occur  in  any  future  . 
of  laser  designators.  Therefore  the  inclusion  of  the  non-normal  ru- 
in the  data  base  was  judged  to  be  preferable  over  their  exclusion  ''  r 
the  purpose  of  obtaining  best  estimates  of  the  designation  errors, 
although  differences  would  be  minor  in  either  case. 

The  next  step  involved  determining  the  sensitivity  f <)>  error 
statistics  to  the  independent  variables  of  4 ho  test.  To  accomplish 
this  a reduced  set  of  data  for  each  test  run  was  established,  consistin* 
of  run  identification  data,  levels  of  the  test  variables,  and  the  error 
means  and  standard  deviations.  A program  was  written  to  rearrange  the 
reduced  data  into  various  common  subsets  of  the  independent  variables 
of  the  test,  and  calculate  statistical  parameters  of  the  errors  for  the 
common  subsets.  Care  had  to  be  exercised  to  do  this  consistently  with 
the  test  design  plan  in  order  to  minimize  the  confounding  effects  of 
uneven  distributions  of  secondary  test  variables  within  each  data 
subset.  For  instance,  when  attempting  to  isolate  the  effect  of  hori- 
zontal angular  velocity  on  the  errors,  the  data  had  to  be  further 
separated  by  target  view  since  the  front  view  only  involved  stationary 
conditions  while  the  side  views  did  not. 


It  was  found  that  the  simple  situation  of  a single  normal 
distribution  of  errors  with  parameters  being  functions  of  the  test 
variables  failed  to  adequately  describe  the  test  results,  but  instead, 
distributions  of  both  bias  and  random  errors  were  required.  The 
situation  is  analogous  to  the  two  distributions  involved  in  weapons 
delivery  problems,  the  mean  points  of  impact  (bias)  errors  and  the 
precision  (random)  errors.  It  also  was  necessary  to  compute  somewhat 
unusual  sounding  statistics  such  as  the  standard  deviation  of  the  run 
means  and  the  means  of  the  run  standard  deviations.  To  avoid  the 
possible  confusion  these  statisties-of-statistics  could  create,  they 
have  been  given  the  following  names: 


bias  error  = mean  of  a run 

random  error  = standard  deviation  of  a run 

mean  bias  = average  of  the  run  means 

sigma  bias  = standard  deviation  of  the  run  means 

sigma  random  = average  of  the  run  standard  deviations. 


The  statistic-of-statistic  missing  from  the  above  list  is  the  standard 
deviation  of  the  run  standard  deviations.  While  useful  for  calculating 
confidence  bounds  about  the  random  error  curves,  this  statistic  was 
found  to  be  typically  1/2  to  1/3  of  the  average  of  the  run  standard 
deviations.  For  this  reason  it  was  felt  Justifiable  to  allow  the 
random  errors  to  be  characterized  by  their  average  within  each  subset 
of  common  runs.  Hence,  there  resulted  two  distributions  and  three 
parameters  for  each  subset  of  runs:  the  distribution  of  bins  errors 
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with  the  parameters  mean  bias  and  sigma  bias,  and  a distribution  of 
random  errors  about  the  bias  errors  with  the  parameter,  sigma  random. 

Within  the  limits  of  the  test  conditions,  the  sensitivity  of  the 
error  statistics  to  the  independent  variables  followed  the  approximate 
order : 


a. 

Horizontal 

angular  velocity 

b. 

Target  view 

c. 

Designator 

support /operator  posture  for  the  LTD 

d. 

Operator 

e. 

Designator- 

-to-target  range 

f. 

Cant  angle 

(for  the  GLLD,  MULE) 

g- 

Visibility 

range 

Typical  trends  are  shown  in  Figure  1,  Error  magnitudes  had  to  be 
deleted  in  order  to  keep  the  results  unclassified.  Results  are  not 
inconsistent  with  those  from  Reference  3 under  roughly  the  same  condi- 
tions. Before  trying  to  interpret  these  type  of  curves  it  should  be 
realized  that  the  confidence  bounds  are  tighter  on  the  random  error 
curves  than  on  either  of  the  bias  error  curves,  mainly  because  the 
number  of  error  samples  per  run  was  much  greater  than  the  typical  number 
of  runs  in  the  common  data  subsets.  Also,  no  particular  significance 
should  be  drawn  regarding  departures  from  monotonic  relations  in  the 
sample  curves,  because  confounding  effects  of  other  test  variables  in 
the  subsets  of  data,  the  possible  effects  of  uncontrolled  variables  as 
usually  occur  in  field  tests,  and  the  fact  that  the  repeatability  of 
human  performance  is  rarely  exact.  A multiple  regression  approach  might 
have  been  helpful  in  smoothing  the  curves  but  was  beyond  the  intended 
scope  of  the  effort. 

In  any  case  many  observations  about  the  designation  errors  can  still 
be  made  with  considerable  assurance  and  some  of  these  are  discussed 
below.  With  regard  to  the  effect  of  the  target  velocity  it  was  found 
that  the  errors  tended  to  scale  better  with  angular  velocity  than  linear 
velocity,  that  the  operators  tended  to  lag  the  moving  targets  somewhat, 
and  that  both  the  horizontal  and  vertical  random  errors  increase  with 
target  speed  as  would  be  expected  of  a more  difficult  tracking  task. 

The  most  significant  effect  of  the  target  view  is  the  larger  (negative) 
mean  horizontal  bias  error  for  the  unmarked  side  view  target,  very 
likely  the  result  of  the  influence  of  the  hull's  horizontal  centerline 
over  the  turret  ring's  centerline  in  the  operator's  choice  of  aimpoint 
despite  the  test  instructions.  (Since  only  stationary  data  was  used  for 
the  target  view  curves,  velocity  lag  is  ruled  out.)  In  attempting  to 
compare  the  target  front  view  with  the  side  views,  more  complicated 
effects  arise  which  may  be  better  understood  if  one  hypothesizes  the 
random  errors  are  more  closely  related  to  the  difficulty  of  the  tracking 
task  while  the  bias  errors  are  more  closely  related  to  the  amount  of 
freedom  the  operator  has  in  choosing  hie  aimpoint.  One  notes  that  the 
random  errors  are  generally  larger  for  the  front  view  than  for  either 
of  the  side  view  targets,  consistent  with  the  idea  that  the  operator's 
task  is  more  difficult  for  the  smaller  target.  Also  the  horizontal 
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VISIBILITY  RANGE  (MILES) 

Figure  1.  Relative  Sensitivity  of  GLLD  Designation  Error  to  Test 
Variables. 


bias  errors  are  smaller  for  the  front  view  (which  was  unmarked)  than  the 
unmarked  side  view  target  in  accord  with  the  above  hypothesis  since  the 
operator  had  less  choice  of  where  to  aim  in  the  front  view  case.  The 
vertical  errors  do  not  fit  the  pattern,  possibly  because  of  the  effect 
of  a fairly  good  vertical  reference  present  for  all  targets  (marked  or 
not)  in  the  baseline  of  the  turret. 

With  regard  to  the  effect  of  range,  two  possible  effects  should  be 
distinguished.  The  first  is  the  effect  of  range  on  the  target's  apparent 
velocity  which  as  already  mentioned  is  taken  care  of  best  by  considering 
the  angular  velocity  as  the  independent  variable  rather  than  the  linear 
velocity.  Secondly,  range  affects  the  errors  by  altering  the  targets 
angular  size.  The  main  range  error  effect  found  was  the  comparative 
constancy  of  the  random  (angular)  errors  for  stationary  targets.  Not 
enough  data  was  available  at  the  higher  angular  velocities  to  allow  a 
thorough  examination  of  any  range/angular  velocity  interactions. 

The  limited  amount  of  poor  visibility  conditions  seemed  to  verify 
the  poorer  designation  performance  under  these  conditions  particularly 
for  the  harder  task  involving  moving  targets. 

5.  TTME  CORRELATED  MODEL  RESULTS 

For  time  intervals  not  greater  than  a few  interpulse  periods  a 
correlation  exists  between  the  error  at  one  interval  and  the  error  at 
previous  intervals.  An  examination  of  the  autocorrelation  function  of 
the  time  series  helps  to  quantify  the  amount  of  this  correlation.  For 
discrete  time  series  the  normalized  autocorrelation  function  is  defined 
in  terms  of  a summation  of  the  discrete  values  by 

N-K 

S(xt ' x)  (xt«  ‘ x) 

P(K)  = t-1 (5.1) 

N 

t=l 

where  N = total  number  of  time  intervals  of  data 

K is  the  constant  time  shift  between  the  errors  being  compared 
(called  the  lag). 

For  most  processes  the  maximum  correlation,  except  for  the  trivial 
case  when  K=0  and  hence  p=l , occurs  when  K=1  and  decays  to  small  ampli- 
tude random  oscillations  by  the  time  K approaches  N.  In  Table  1 we  show 
for  each  designator  the  average  values  for  all  test  runs,  of  the  maximum 
correlations  and  number  of  data  lags  it  took  the  autocorrelat ion  function 
to  decay  below  the  significant  level  (^0,3).  This  level  is  approximate 
since  it  was  chosen  by  estimating  at  what  lag  the  behavior  of  the  auto- 
correlation function  of  a sampling  of  test  runs  changed  from  a decaying 
nature  to  an  oscillatory  one. 
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Sinoe  the  laser  guided  missiles  are  programmed  to  unlock  if  a 
number  of  consecutive  pulses  are  not  received  and  from  Table  we  note 
the  tracking  error  correlation  csin  persist  for  6-°  consecutive  pulses, 
it  is  conceivable  the  trajectory  could  be  different  depending  on  which 
error  analysis  method  is  used:  either  the  autoregressive  model,  or  the 
method  that  assumes  the  errors  propogate  randomly  with  time.  How 
significant  this  viifferer.ee  is  can  only  be  determined  by  comparing 
simulation  results  using  designation  errors  generated  from  both  analysis 
methods,  a task  beyond  the  scope  of  this  study . However,  it  is  antici- 
pated that  the  hit  probabilities  would  be  lower  (although  possibly  not. 
much  lower'  if  correlate.!  errors  are  considered  since  the  probability  of 
consecuti ve  pulses  musing  the  target  is  higher  for  this  case,  than  when 
the  random  process  is  assumed  (and  hence  when  'tie  pulse  is  off  the 
target  the  chances  are  good  the  next  pulse  would  be  back  on  :.he  target). 

In  order  to  provide  a representation  of  the  tracking  errors  valid 
for  short  time  intervals  ;ui  autoregression  (AR^  .model  described  in 
Reference  was  utilized.  The  second-order  AH  model  has  the  form: 

= it.  K ( t — At. ' + a,  E (t-.'At'  + R,n  + E (5.2^ 

where 

K = error  at  time  t. 

At  = interpulse  period 


a.  = weighting  coefficient  of  the  i ' previous  error 
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The  procedure  used  to  determine  the  optimum  model  order  was  modified 
for  the  data  from  this  test  compared  with  the  procedure  described  in 
Reference  4.  The  algorighm  first  estimates  parameters  for  all  model 
orders  between  1 and  a user  specified  maximum  value  (MJnax  - 10  was  chosen) 
Then  the  residual  noise  series  variance  is  scanned  to  determine  which 
model  order  minimizes  this  variance,  since  when  this  is  done  the  maximum 
information  (or  trends)  have  been  incorporated  in  the  autoregression  terms 
However,  because  the  residual  noise  variances  were  extremely  small,  and 
about  of  the  order  of  the  expected  measurement  system  accuracy  (sigma 
•'-0.01a'.)  one  finds  the  relative  minimum  often  does  not  occur  until  model 
order  4 or  more  whereas  the  difference  in  the  noise  variance  between  model 
orders  1 and  2 was  less  than  the  expected  measurement  accuracy. 

When  the  criterion  of  the  difference  in  random  noise  variance  being 
within  the  expected  measurement  accuracy  was  used  it  was  found  that  a 
second  order  model  was  adequate  to  represent  designation  errors  for  all 
three  designators.  It  is  worth  mentioning  that  a second  order  auto- 
regressive model  was  found  to  adequately  describe  GLLD  operator  tracking 
errors  from  a different  set  of  test  data  (Reference  5). 

In  Table  2 are  shown  the  average  parameters  of  the  second  order 
models  for  each  designator  and  target  view  as  functions  of  the  horizontal 
angular  velocity.  No  adjustment  for  boresight  errors  was  made  for  the 
time  correlated  error  analysis  study.  Only  the  last  10  seconds  of 
tracking  data  were  used  since  large  errors  at  this  time  would  be  more 
critical  to  the  missile  trajectory.  One  notes  that  the  first  auto- 
regression coefficient  (Alpha  l)  tends  to  increase  with  angular  velocity 
for  both  the  horizontal  and  vertical  directions.  For  the  LTD  designator 
the  second  autoregression  coefficient  (Alpha  2)  becomes  more  negative 
as  the  target  angular  velocity  increases  indicating  a tendency  to  over- 
compensate tracking  corrections  particularly  for  the  faster  moving 
targets.  The  mean  ano_  sigma  columns  of  Table  2 refer  to  the  residual 
random  noise  series  (E  and  6 of  formula  5.2). 

A comparison  check  was  made  on  the  time  series  generated  from  the 
second  order  AK  models  with  the  parameters  estimated  from  the  test  data. 
This  involved  comparing  the  means  and  sigmas  of  the  grouped  test  condi- 
tions from  the  field  test  data  with  those  from  the  AR  models.  Good 
agreement  was  noted  in  spite  of  the  slightly  different  durations  used  in 
the  two  sets  of  data. 

An  examination  of  the  cross-correlation  of  the  horizontal  and 
vertical  tracking  errors  (either  at  the  same  or  at  different  times)  showed 
the  effect  to  be  minor.  In  other  words,  the  horizontal  and  vertical 
errors  were  essentially  independent  of  each  other. 
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Reducing  Vulnerabi  1 i ty : The  Role  of  Tank  Camouflage  Measures 
By  MAJ  William  Imerson  (M1RA0C0M) , l TC  Walter  /aremba  (CACDA),  Mr.  David  Bittei 
CACDA 


ABSTRACT:  The  state  of  military  weaponry  and  target  detection  capability 
is  such  that  combat  developers  perceive  the  need  to  provide  tanks  with 
unusual  and  sophisticated  camouflage  countermeasures  to  reduce  electro- 
magnetic. s i gnat  urns . 

Currently  existing  target  acquisition  devices  can  detect  tanks  to 
distances  greater  than  the  maximum  effective  main  gun  range.  To  afford 
the  tank  commander  a measure  of  reduced  vulnerability,  a number  of 
specific  camouflage  measures  were  tested  and  evaluated.  During  the 
process  of  evaluation,  several  fundamental  guestions  were  addressed; 
specifically  (1)  What  are  the  signature  cues  that  cause  the  tank  to  be 
detected,  (?)  What,  if  any,  camouflage  measures  reduce  the  tank's 
signature,  (3)  Under  what  conditions  may  camouflage  measures  usefully 
be  employed,  and  (A)  Will  camouflage  measures  significantly  effect 
the  outcome  of  battle? 

field  testing  indicated  that  specific  camouflage  measures  substantial ly 
reduced  the  range  to  detection  of  the  stationary  tank  during  the  day, 
against  all  types  of  sighting  devices  tested.  At  night,  camouflage 
measures  proved  effective  in  reducing  the  range  to  detection  of  the 
stationary  tank  against  image  i n tens i tier  (l'1)  devices,  but  not  against 
other  types  ot  sighting  devices.  The  effects  of  camouflage'  on  the 
outcome  of  battle  have  yet  to  be  quantified  satisfactorily  due  to  (1) 
limitations  inherent  in  existing  simulation  models  and  (?)  the  unknown 
relationship  between  firing  and  nonfiring  acquisition  rates  of  camouflaged 
and  noncamout laged  tanks.  Mathemetical  modeling  has  provided  valuable 
insight  into  the  military  worth  ot  camouflage  by  indicating  trends  in 
battle  outcomes. 


SI  A 


REDUCING  VULNERABILITY  --  THE  ROLE  Or 
TANK  CAMOUFLAGE  MEASURES 


The  Army's  Field  Manual  100-5  states  that  the  Army  must  he  nropared 
to  fight  outnumbered  and  win.  Moreover,  Armv  units  will  have  to  function 
effectively  in  an  environmont  in  which  a varietv  of  electronic  and  ontical 
countermeasures  may  be  employed.  To  be  successful  aoainst  a wel 1 -eouinped , 
numerically  superior  enemy,  the  Armv  needs  eouipment  which  is  technological! v 
superior,  not  only  in  terms  of  munitions  and  firepower,  but  also  in  terms 
of  survivability.  Thus,  the  materiel  developer  has  the  dual  objective  of 
increasing  enemy  casualty  rates  through  increased  weapons  effectiveness 
and  decreasing  US  casualty  rates  through  programs  aimed  at  enhancing 
survivability. 


In  keeping  with  the  objective  of  enhancing  the  survivability  of  Army 
equipment,  TRADOC  and  DARCOM  have  established  a joint  program  in  the  area 
of  countersurveillance.  The  pilot  effort  of  the  countersurveillance  program 
dealt  with  camouflage  applications  to  the  M60A1  tank.  The  tank  camouflage 
program,  which  was  managed  jointly  by  MERADCOM  (the  DARCOM  representative) 
and  CACDA  (the  TRADOC  representative),  has  a twofold  objective:  (1)  investi- 
gate the  appl icabi 1 i ty  of  current  camouflage  technology  to  improve  the 
survivability  of  the  tank  on  the  battlefield;  and  (2)  document  a complete 
case  of  camouflage  application,  test,  and  evaluation  so  that  other  elements 
in  DARCOM  and  TRADOC  would  have  a pilot  program  which  could  be  used  for 
camouflage  planning  of  other  systems.  Work  on  the  tank  camouflage  prooram 
was  divided  into  the  following  subtasks: 


TASK 


RESPONSIBLE  AGENCY 


Identification  of  Threats 
Development  of  Camouflage  Techniques 
Application  of  Camouflage  Techniques 
Testing 

Military  Worth  Analysis 
Technical  Assessment 
Overall  Report 


CACDA 

MERADCOM 

TAC.OM 

TECOM 

CACDA 

MERADCOM 

MFRADCOM/CACDA 


Based  upon  inputs  by  CACDA,  the  following  detection  devices  were  used, 
as  appropriate,  during  various  trials  of  the  actual  tank  camouflage  test. 

AIDED  VISUAL  DEVICE  THERMAL  DEVICES 

M-19  Binoculars  TOW  Thermal  Sight 

M105D  Tank  Telescope 
TOW  (day  sight) 

M47  Dragon  (day  sight) 

M32/M35  Series  Tank 

Periscope  with  Passive  and  IR  Elbow 
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Summary  of  Camouflage  Applications  Test 


The  overall  objective  of  the  camouflage  test  conducted  bv  TECOM  was 
to  qenerate  the  data  required  by  the  Countersurveillance  Laboratory  of 
MERADCOM  as  input  for  their  technical  assessment  of  camouflage  effective- 
ness and  to  generate  data  required  by  CACDA  as  input  to  their  statistical 
and  military  worth  analyses  of  camouflage.  Specific  test  objectives 
included  the  requirement  for  generating  data  necessary  for  determining 
the  following  measures  of  performance  (MOP): 

a.  The  time  and  range  to  detect,  to  recognize/ identify 
and  to  acquire  the  camouflaged  and  uncamouflaged  M60A1  tank 
by  trained  observers  using  visual  ground  sensors. 

b.  The  probability  of  detection,  of  recognition/identi- 
fication and  of  acquisition  by  trained  observers  as  a function 
of  time  and  range  against  visual  ground  sensors. 

Testing  was  conducted  by  the  Materiel  Testing  Directorate,  Aberdeen 
Proving  Ground,  using  equipment  and  facilities  at  APG  during  the  period 
20  April  1976  to  11  Auqust  1976.  Technical  guidance  and  assistance  was 
provided  by  USAHEL  as  pertained  to  the  aerial  observation  of  the  camou- 
flaged and  uncamouflaged  M60A1  tanks.  Subtests  conducted  at  Aberdeen 
Proving  Ground  addressed  both  ground  and  aerial  surveillance  of  a camou- 
flaged test  tank  and  a nattern  painted  control  tank.  Initial  anplication 
of  fixes  to  the  camouflaged  test  tank  were  made  at  Aberdeen  Proving 
Ground  by  personnel  from  MERADCOM  and  from  the  OS  Armv  Tank  Automotive 
Research  and  Development  Command  (TARADCOM).  in  addition,  an  initial 
insoection,  a human  factors  subtest,  a maintenance  evaluation,  and  a 
safety  subtest  were  conducted. 

The  following  variables  comprised  the  environmental  profiles  of  the 
ground  surveillance  phase  of  the  test: 

a.  Terrain  (flat  and  rolling). 

b.  Vegetation  (light  and  heavy). 

c.  Range  (up  to  3000  meters). 

d.  Visibility  (clear  to  limited). 

e.  Time  (day  and  night). 

f.  Tactical  mode  of  target  (moving  and  stationary). 
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Three  approach  modes  were  used  hy  military  observers  who  were  trained  in 
the  detection  and  recoanition/identification  of  traaets  and  who  were  also 
familiar  with  the  sightinq  devices  used.  The  specific  siahtino  devices 
and/or  associated  weapons  and  the  corresnondinq  approach  modes  addressed 
are  shown  in  Table  1.  Observers  received  refresher  training  from  USAARMC 
instructors  preliminary  to  start  of  the  field  tests. 


TABLE  1.  GROUND  SURVEILLANCE  OBSERVATION  PARAMETERS 


WEAPON/SIGHTING  OF  VICE 

DET/ID 

Acq 

APPROACH  MODE 
TRACKED  WHECirO  GROUND 

DAY 

NIGHT 

1.  Unaided  Eye 

X 

X X X. 

x 

X 

2.  7 x 50 - mm  Binocular 

X 

X X X 

A. 

1 ^ 

3.  M105P  Tank  Telescope 

X 

X 

X 

_ _JL 

x 

4.  M32/3bE 1 lank  Peri- 

scope 

X 

X 

X 

X 

(a)w/Passive  FI  bow 

X 

X 

X 

X 

(blw/IR  Elbow 

X 

X 

X 

X 

5.  TOW 

X 

X 

X 

. JL. 

faW.AN/TVS-b 

X 

X 

X 

X 

(b)w/Thornial  Siqbt 

X 

X 

X 

1 * - 

6.  M4 /DRAGON 

X 

X 

_ X . 

. -X. 

7.  MB/  40 -mm  Recoil  less 
w/AN/TVS-f. 

X 

X 

X 

__  X 

8.  M74  Grenaije  Launcher 

w/AN/PVS-4 

X 

X 

X 

X 

Approaches  were  made  by  the  observers  in  pseudo-tactical  team  configurations 
using  the  designated  mode  of  transport.  Each  observer  team  was  supported 
by  a driver  and  by  a data  col  lector/ recorder  and  communications  person. 

Test  procedures  assured  that  both  the  camouflage  and  pattern-painted  tanks 
would  be  observed  in  nearly  identical  settings  so  as  to  validate  any 
oomparisons  made  between  them.  Other  pattern-painted  distractors  (APC, 

M109  Howitzer,  3/4-ton  truck)  were  incorporated  into  target  arrays. 

For  the  ground  surveillance  trials,  each  observer  team  (consistino  of 
one  primary  observer  and  one  secondary  observer)  began  its  approach  from 
the  specified  maximum  range.  The  primary  observer  attempted  to  detect 
the  tank  taroets  with  the  designated  sighting  device  during  a given  search 
period  along  the  approach  route.  If  a target  was  not  detected  durino  the 
search  period,  the  observer  broke  visual  contact  with  the  siohtino  device, 
the  observer  team  continued  in  its  aonroach  by  movinci  forward  incrementally 
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alonq  the  approach  route,  and  the  primary  observer  resumed  search.  Such 
incremental  moves  were  deemed  necessary  due  to  the  inability  of  the 
observers  to  see  throuah  the  sights  while  movina.  The  observer  team 
continued  in  tis  aooroach  until  both  the  camouflaoed  and  pattern-painted 
tank  were  detected/identified/acouired. 

All  ground  observations  of  dynamic  taraets  were  made  bv  stationary 
observers  from  preselected  observation  posts.  Durinn  dynamic  taroet 
trials,  tarqet  tanks  made  intermittent  stnns.  Movina  distractors  were 
also  used  in  these  tarqet  trials. 

In  the  aerial  surveillance  phase,  test  sites  were  from  the  same  areas 
as  those  used  in  the  ground  observation  tests.  An  OH-58  helicopter  was 
used  in  both  the  nap  of  the  earth  route  reconnaissance  and  pop-up 
flight  modes  in  accordnace  with  current  tactical  practice  of  the  air  cavalry. 

Ten  qualified  US  Army  pilots  were  used  as  aerial  observers.  During  the 

aerial  phase  of  the  test  the  camouflaged  test  tank  and  the  pattern-painted  i 

control  tank  were  deployed  only  in  the  static  mode.  Observations  were 

made  under  conditions  of  clear  visibility  both  day  and  night.  Special  M 

eye-movement  cameras  developed  by  USAHEL  were  used  to  record  what  was  > 

actually  seen  by  observers. 

-i 

The  initial  data  provided  for  the  accomplishment  of  ground  surveillance 
statistical  and  military  worth  analyses  were  obtained  from  individual  and  - 

summarized  data  sheets  comprised  of  range  and  time  data  recorded  durina  »;j 

each  trial  execution.  The  range  data  consisted  of  the  range  of  tank  taraet  [ * 

detection/identification/acauisition.  The  time  data  consisted  of  the  £ \ 

time  to  detect/identify/acquire  each  tarqet  from  the  time  the  observer 
began  search  at  the  detection/identification/acauisition  ranae.  Since 
these  times  did  not  reflect  the  total  time  it  took  the  observer  to  detect/ 
identify/acquire  each  tarqet  from  trial  start,  a request  was  made  to  the  f 

testino  aaency  to  nrovide  the  total  cumulative  search  times  for  all  test 
trials.  With  some  exception,  these  cumulative  times  were  provided  by 

the  Materiel  Testino  Directorate,  APH.  Table  2 depicts  the  distribution  i 3 

frequency  of  ground  surveillance  data  and  correlates  the  environmental 

profiles  of  the  test  trials  with  the  three  approach  modes,  different 

siahtina  .devices,  and  groups  of  test  data  provided  for  analysis.  The 

four  categories  of  test  data  are: 

a.  day/stationary 

b.  day/moving 

c.  night/stationary 

d.  night/moving 
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Test  Results 


Ground  Surveillance.  Detection  range  data  were  used  to  draw  inferences 
about  the  value  of  camouflage  for  tanks  under  the  four  types  of  situations 
mentioned  above.  The  general  findings  on  the  effect  of  camouflage  are 
summarized  by  the  following  matrix. 

TIME  OF  DAY 


Tank 

Operational 

Mode 


DAY 

NIGHT 

Stationary 

( 

Significant 

I 

! 

Device  Dependent 

i 

Moving 

1 

1 ! 

Not  Significant 

j 

I 

Not  Significant 

Under  dav/stationarv  conditions,  the  camouflage  annlications  siqnificantlv 
reduced  the  range  to  detect/identi fy/acnui re  the  camouflage  tank,  comoared 
to  the  nattern-nainted  tank,  regardless  of  sighting  device  used.  However, 
under  day/movino  conditions,  the  resulting  movement,  dust,  and  noise 
signature  cues  nullified  the  effect  of  the  camouflage  annlications.  When 
moving,  no  significant  difference  in  detection  ranges  between  the  camouflaged 
test  tank  and  pattern-painted  control  tank  was  found. 

Under  night/stationary  conditions,  the  camouflage  applications  were 
determined  to  be  effective  in  concealing  the  tank  aoainst  I?  tvpe  devices 
only.  The  range  to  detect/identify/acquire  the  camouflaged  tank  was 
significantly  less  than  the  range  to  detect  the  pattern-oainted  tank  when 
visual,  near  IR  or  thermal  devices  were  used.  In  the  night/moving 
mode  the  effectiveness  of  camouflage  was  negated  by  the  movement,  noise, 
and  heat  signature  cues  of  the  tank.  Under  night/moving  conditions,  there 
was  no  significant  difference  in  detection  ranges  between  the  camouflaged 
and  pattern-painted  tanks  regardless  of  device  used. 

Aerial  Surveillance.  Table  3 depicts  the  means  and  standard  deviations 
of  both  day  and  night  aerial  surveillance  trials.  Under  daylight  conditions, 
the  observers,  employing  "nop-up"  tactic,  detected/identified  the  oattern- 
painted  tank  in  9 of  10  trials  at  an  average  slant  range  of  867  meters  and 
an  averaoe  time  of  51  seconds.  In  one  trial,  the  nattern-nainted  tank 
was  not  found.  The  camouflaged  tank  was  detected  in  4 of  10  trials  at  an 
averaoe  slant  ranoe  of  858  meters.  However,  the  averaoe  time  to  detect 
these  4 tanks  was  137  seconds.  This  difference  in  averaoe  times  to  detect/ 
identify  the  two  tanks  was  the  result  of  additional  "non-uns"  required  to 
locate  the  camouflaged  tank.  In  4 of  the  10  trials  the  camouflaged  tank 
was  not  found  after  a total  search  time  oer  tank  of  180  seconds.  One 
additional  trial  resulted  in  lost  data,  and  one  trial  was  aborted  due  to 
aircraft  malfunction. 
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Table  3.  Summary  Statistics  of  the  Aerial  Surveillance  Test  Trials 


SUMMARY  STATISTICS 


DAY 

TRIALS 



1 

TACTIC 

TANK 

j SLANT  RANGE  (m) 

TIMES 

PROBABILITY 

OF  DETECTION 

TYPE 

NO. 

AVG 

STD  DEV 

NO. 

i AVG 

STD  DEV 

POP-UP 

CAM 

4/8 

858 

.50 

4/8 

95.0 

45.3 

.50  i 

PP 

9/10 

867 

.73 

9/10 

50.8 

42.3 

.90 

ROUTE 

RECONNAISSANCE 

CAM 

8/10 

319 

162 

■ 

8/10 

74.5 

10.2 

.80 

PP 

10/10 

710 

337 

10/10 

38.3 

15.2 

1.00 

SUMMARY 

STATISTICS 

NIGHT 

TRIALS 

TACTIC 

TANK 

SLANT  RANGE  (m) 

TIMES 

PROBABILITY 

0I;  DETECTION 

TYPE 

NO. 

AVG 

STD  DLV 

NO. 

AVG 

STD  DEV 

POP-UP 

CAM 

2/5 

721 

67.0 

53.7 

.40 

PP 

-5/5 

723 

2.8C 

1 

102.5 

28.7 

.80 

ROUTE 

CAM 

4/5 

557 

292 

4/5 

62.8 

10.2 

.80 

KlLU.ihAI  ooMiiLt 

— 

PP 

3/5 

515 

3C9 

3/5 

58.9 

10.1 

.60 
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DETECTION  DEVICE  GP  1 i GP  3 GP  5 j GP  2 ! GP  8 i GP  4 


For  the  purpose  of  statistical  analysis,  the  pairs  (Xi,  Y-j ) obtained 
from  an  observation  were  viewed  as  random  variables  from  a single 
population.  Xi  represented  the  outcome  of  the  ith  trial  for  the  pattern- 
painted  tank  and  Yi  the  corresponding  outcome  for  the  camouflaged  tank. 

To  determine  whether  or  not  the  range  to  detect  the  camouflaged  tank  was 
less  than  the  range  to  defect  the  pattern-painted  tank,  a paired  difference 
(sign)  test  was  first  applied  as  a preliminary  screening  device.  The 
mechanics  of  the  sign  test  were  as  follows: 

a.  For  each  observation  (Xi,  Y i )>  X i - Yi  was  comnuted  to 
determine  whether  Xi  - Yi >0  or  Xi  - Yi  < 0. 

b.  The  fraction  of  successes  was  then  determined  (obtained 
as  the  ratio  of  the  number  of  trials  resulting  in  Xi  - Y i > 0 to 
the  total  number  of  trials). 

c.  The  null  hypothesis  was  assumed  to  be  P = %,  where  P 
is  the  true  proportion  of  times  that  X - Y > 0 holds  over  the 
universe  of  all  possible  observers.  The  null  hypothesis 
expresses  the  fact  that  X - Y > 0 happens  by  chance. 

d.  The  alternate  hypothesis  was  assumed  to  be  P >k.  The 
alternate  hypothesis  was  determined  to  be  true  if  in  fact  the 
detection  of  the  camouflaged  tank  was  harder  to  make  than  the 
detection  of  the  pattern-Dainted  tank  (on  a statistical  basis). 

e.  The  test  statistic  w as  Z = k/N  - HH,  where  k is  the 

^7i7* 

number  of  observations  for  which  Xi  - Yi  > 0,  and  N is  the 
total  number  of  observations. 

f.  The  null  hypothesis  was  rejected  if  Z >1.28.  Thus,  the 
test  is  a one-tailed  test  at  the  90%  significance  level. 

Rejection  of  the  null  hypothesis  means  that  the  proportion  of 
outcomes  with  X - Y > 0 is  significantly  greater  than  h. 

If  the  null  hypothesis  is  rejected  using  the  paired  comoarison  test, 
it  will  be  rejected  using  more  stringent  tests  such  as  the  paired  difference 
test.  Therefore,  when  the  paired  comparison  testing  resulted  in  rejection 
of  the  null  hypothesis,  no  further  statistical  testing  was  required.  The 
paired  comparison  test  is  an  attractive  screening  device  because  it  is 
computationally  simple  to  perform.  However,  in  the  event  that  the  null 
hypothesis  is  not  rejected  using  the  paired  comparison  test,  a more 
powerful  test  is  appropriate. 

For  the  cases  in  which  the  null  hypothesis  was  not  rejected  using  the 
paired  comparison  (sign)  test,  a paired  difference  test  was  performed. 

The  paired  difference  test  is  more  powerful  (i.e.,  there  is  a reduced 
chance  of  incorrectly  accepting  the  null  hypothesis).  Basically,  the 
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additional  power  of  the  paired  difference  test  results  from  rare 
stringent  use  of  the  sample  data.  The  sign  test  is  only  concerned  with 
whether  a pattern-painted  tank  is  observed  at  a Greater  ranae  than  a 
camouflaged  tank.  The  paired  difference  test  makes  use  of  the  magnitude 
of  the  range  differences  in  addition  to  the  algebraic  sign. 


The  procedure  for  applying  the  paired  difference  test  is  the  following: 


a.  For  each  ( Xi , Yi)  nair  obtained  in  a given  experiment, 
the  detection  range  difference,  d i = X i - Yi,  is  comnuted.  It 
is  assumed  that  each  di  is  normally  distributed  <*'ith  the  same 
unknown  variance  \'2. 


b. 


The  sample  mean 


and  the  sample  variance 


n 


s2=rz  (di-d-)2  are  computed. 

i = l 

n-1 


c.  The  null  hypothesis  for  the  paired  difference  test  is  that 
d = 0;  that  on  the  average  there  is  no  difference  between  the 
ranqe  to  detect  a camouflaged  and  a pattern-painted  tank.  The 
alternate  hypothesis  is  d ) 0,  meaning  that  the  range  to  detect 

a pattern-painted  tank  is  greater  than  the  range  to  detect  a 
camouflaged  tank. 

d.  The  test  statistic  for  the  paired  difference  test  is 

tn  - l = JL 

\/s2/n 

which,  under  the  assumptions  of  the  null  hypothesis,  is  a t- 
distribution  with  n-1  degrees  of  freedom. 

e.  The  null  hypothesis  is  rejected  if  tn-l  > T; \ , n-1, 
where  T.i , n-1  is  found  from  a standard  table  of  t-distribution 
values  for  n-1  degrees  of  freedom  and  a significance  level  of  .1. 

Test  results.  The  results  of  the  statistical  test  are  given  in  Table  4. 
Each  column  of  table  4 shows  the  statistical  findings  of  experiments 
performed  at  a particular  test  site  under  the  specified  mode  (stationary/ 
moving)  and  time-of-day  (day/night).  Each  row  gives  the  results  of 
experiments  using  a particular  type  of  sighting  device.  Each  cell  contains 
either  a Z-entry  or  a tn-l-entry,  and  either  an  NS  or  an  S entry.  The 
t or  Z value  is  the  computed  value  of  the  appropriate  statistic  as  described 
above.  The  NS  or  S designation  is  an  abbreviation  for  "not  statistically 
significant"  or  "statistically  significant,"  respectively. 
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Invariably,  a computed  Z-statistic  in  a given  cell  will  be  accompanied 
by  an  S designation.  The  presence  of  a t-statistic  value  indicates  that 
the  corresponding  Z-value  as  obtained  from  the  sign  test  did  not  yield 
statistically  significance  (that  is,  Z<1.28  resulted). 

For  each  day/stationary  experiment,  the  range  to  detect  a pattern- 
painted  tank  was  significantly  greater  than  the  range  to  detect  a 
camouflaged  tank,  independent  of  the  type  of  sighting  device  used.  In 
the  day/moving  and  niqht/moving  cases,  no  significant  differences  were 
detected  between  the  ranges  to  detect  camouflaged  and  pattern-painted 
tanks.  In  the  night/stationary  case,  the  range  to  detect  the  camouflaged 
tank  was  significantly  less  than  the  range  to  detect  the  uncamouflaged 
tank  when  V-  (night  vision)  devices  were  used.  A significant  difference 
was  also  noted  in  one  specific  test  (data  group  8)  usina  the  IP  periscope. 

The  latter  experiment  is  worth  discussina  in  some  detail,  as  one 
might  wonder  why  a significant  difference  in  detection  ranges  apoeared 
at  one  test  site  and  not  at  the  others,  using  a periscone.  One  should 
note  first  that  the  data  group  8 test  data  consisted  of  only  10  pairs  of 
observations,  giving  an  inference  based  upon  a small  sample  size.  A 
close  examination  of  the  completed  values  of  the  d-statistic  (di  = Xi-Y-j), 
reveals  the  existence  of  an  outlier  --  a computed  d-value  which  is  2.4 
standard  deviation  units  from  the  sample  average  d.  If  the  t-statistic 
is  recomputed  excluding  the  outlier,  the  resulting  t-value  is  not  significant 
at  the  .1  level.  Thus,  it  appears  that  camouflage  does  not  significantly 
reduce  the  visual  effectiveness  of  the  IR  periscope  at  night. 

Tables  5 and  6 provide  summary  statistics  pertaining  to  detection 
ranges.  Table  5 shows,  for  each  test  situation,  the  difference  in  the 

average  range  to  detect  the  pattern-painted  tank  as  compared  to  the 

average  range  to  detect  the  camouflaged  tank.  A cell  contains  an 

asterik  (*)  if  no  test  was  performed  using  the  corresponding  test  site/ 
mode/time/sighting  device.  When  a cell  contains  a zero,  no  significant 
difference  in  detection  ranges  was  found  for  the  corresponding  test. 

A positive  or  negative  entry  in  a cell  indicates  the  signed  difference  in 
detection  ranges,  given  the  existence  of  a significant  difference.  A 
positive  entry  indicates  that  the  range  to  detect  the  camouflaged  tank, 
was  shorter  than  the  range  to  detect  the  pattern-painted  tank.  A negative 
entry  indicates  that  the  range  to  detect  the  oattern-painted  tank  was 
shorter  than  the  range  to  detect  the  camouflaged  tank.  Table  6 shows 
the  average  range  to  detect  pattern-painted  tanks  for  the  appropriate 
test  si te/mode/time/siohtinq. device.  The  fioures  in  parentheses  indicate 
the  number  of  test  trials  per  cell. 

MILITARY  WORTH  ANALYSIS 

The  results  of  the  previous  section  show  that  in  the  day/stationary 
mode,  camouflage  is  an  effective  countersurveillance  measure,  in  the  sense 
that  it  reduces  the  mean  detection  range.  However,  the  intrinsic  value 
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DAY/  DAY/  NIGHT/ 

STATIONARY  MOVING  NIGHT/STATIONARY  MOVING 


DETECTION  DEVICE  | GP1 
UNAIDED  EYE 

BINOCULAR 


TOW 

DRAGON 


PERISCOPE 

(IR) 


GP1 

GP3 

GP5 

GP2 

GP8 

GP4 

GPG 

GP7 

656 

398 

0 

0 

* 

0 

* 

* 

357 

458 

0 

0 

0 

0 

0 

0 

630 

495 

0 

o 

0 

0 

-273 

0 

734 

699 

0 

* 

★ 

★ 

* 

* 

712 

473 

0 

0 

131 

0 

0 

0 

* 

★ 

8 

1 

★ 

144 

243 

90 

0 

Table  5.  Difference  in  Range  to  Detection  Between  the  Pattern- 
Painted  and  Camouflaged  Tank 


NIGHT/ 

DETECTION  DEVICE  DAY/STATIONARY  DAY/MOVING  NIGHT/STATIONARY  MOVING 


GP  1 

GP  3 

GP  5 

GP  2 

or  8 

GP  4 

GP  6 

GP  7 

UNAIDED  EYE 

1395 

(21) 

1270 

(20) 

1741 

(15) 

1350 

(16) 

* 

51o 

(18) 

* 

* 

BINOCULAR 

2162 

1673 

1930 

1526 

253 

615 

127 

147 

(31) 

(29) 

(27) 

(27) 

(10) 

(18) 

(10) 

(10) 

TOW 

1725 

1941 

1902 

1807 

1116 

509 

546 

538 

(10) 

(10) 

(10) 

(8) 

(15) 

(15) 

(9) 

(10) 

DRAGON 

1617 

(9) 

1836 

(ID 

1899 

(10) 

* 

* 

* 

* 

★ 

PERISCOPE 

2112 

1669 

1929 

1565 

1041 

382 

403 

424 

(IR) 

(10) 

(10) 

(10) 

(4) 

(10) 

(23) 

. do) 

(10) 

NVD 

* 

* 

* 

* 

696 

408 

307 

343 

(I*) 

(30) 

(15) 

(20) 

(20) 

Table  6.  Mean  Ranges  to  Detect  the  Pattern-Painted  Tank 
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of  reducing  the  detection  range  of  a stationary  tank  is  not  immediately 
evident.  CACDA  was  responsible  for  conducting  a military  worth  analysis 
to  determine,  if  possible,  the  effect  on  the  outcome  of  a battle  of 
camouflaging  stationary  tanks. 

The  Battalion  Level  Differential  Model  (BIDM)  was  used  as  the  analytical 
tool  for  this  study.  BLDM  is  a force-on-force  differential  model  of 
small  unit  combat  that,  for  the  purpose  of  this  analysis,  involved  movement 
and  direct  fire  engagements.  Five  Blue  tanks  (M60A1)  were  defending 
against  2b  Red  tanks  (T62).  There  were  no  other  weapons  played  in  the 
simulations.  The  following  assumptions  were  implicit  in  the  use  of  BLDM 
for  the  military  worth  analysis: 

a.  There  is  no  loss  of  synergistic  effects  resulting  from 
playing  a purely  tank-on-tank  battle. 

b.  BLDM  portrays  the  data  realistically  written  the  bounds 
of  a yes/no  answer.  That  is,  the  model  will  not  lead  to  false 
conclusions  with  respect  to  the  worth  (or  lack  thereof)  of 
camouflage.  It.  is  not  necessarily  assumed  that  the  model 
realistically  portrays  the  extent  of  the  value  of  camouflage. 

Although  the  BLDM  model  used  in  the  camouflage  analysis  was  believed 
to  provide  a credible  representation  of  the  qualitative  effects  of 
camouflage,  it  was  not  considered  useful  for  obtaining  order  of  magnitude 
relationships,  for  two  reasons.  First,  a satisfactory  emperical  model 
of  sector  search  was  not  available  at  the  time  of  the  analysis.  Thus, 
the  BLDM  model  assumed  that  all  targets  having  physical  line  of  sight 
with  an  observer  are  within  his  sector  of  search,  and  are  equally  likely 
to  be  examined  during  a given  search  period.  Thus,  acquisition  rates  in 
the  model  were  unrealistically  high.  Moreover,  the  BLDM  model  differ- 
entiated between  acquisition  of  firing  and  nonfiring  targets. 

It  was  hypothesized  that  the  probability  of  not  acquiring  a firing 
target  decreases  geometrically  with  the  number  of  rounds  fired  so  that 
in  BIDM  the  firing  acquisitions  tends  to  dominate.  It,  should  be  noted, 
however,  that  the  procedure  used  in  BLDM  to  model  the  acquisition  of 
firing  targets  had  not  been  validated  at  the  time  of  the  study;  specifically, 
the  relationship  between  firing  and  nonfiring  acquisitions  was  not  addressed 
during  the  TFCOM  test. 

Since  the  precise  relationship  between  firing  and  nonfiring  acquisition 
was  not  known,  and  since  no  estimate  of  the  probability  of  acquiring  a 
firing  target  was  available,  the  procedure  which  was  adopted  was  "worst 
case"  analysis.  It  was  found  that  a firing  acquisition  probability  in 
excess  of  .3  resulted  in  no  change  in  the  BIDM  output.  Accordingly,  all 
firing  acquisition  probabilities  which  would  affect  model  output  were 
between  0.0  and  0.3.  The  Bl  0M  model  was  therefore  run  using  firing 
acquisition  probabilities  of  0.0  and  0.3  respectively.  An  acquisition 
probability  of  0.0  corresponds  to  total  deemphasis  of  firing  acquisitions. 


and  probability  of  .3  corresponds,  for  practical  purposes,  to  a total 
emphasis  of  firing  acquisition.  The  model  output  for  the  0.0  case 
vis-a-vis  the  .3  case  represents  the  maximum  change  in  battle  outcome 
which  could  be  portrayed  by  BLDM.  The  case  corresponding  to  the  true 
value  of  the  firing  acquisition  probability,  was  assumed  to  fall  some- 
where between. 

Figures  7 through  10  compare  the  outcomes  of  BLDM  battle  simulations 
in  which  Blue  tanks  were  and  were  not  camouflaged,  and  in  which  firing 
acquisitions  were  emphasized  and  deemphasized. 

In  Figure  7,  Blue  tanks  were  not  camouflaged  and  firing  acquisitions 
were  emphasized  (i.e.,  all  firing  Blue  tanks  were  detected  by  Red 
forces).  The  result  of  the  battle  was  as  expected  --  heavily  in  favor 
of  the  Red  force. 


Table  7.  Blue  Tanks  Not  Camouflaged/Firing  Acquisitions  Emphasized. 


In  Figure  8,  Blue  tanks  remained  uncamouflaged,  however,  firing 
acquisitions  were  deemphasized  (i.e.,  even  without  camouflage.  Blue 
tanks  were  not  detected  by  Red  forces  as  a result  of  firing).  The 
battle  outcome  remained  in  favor  of  the  Red  force  but  not  as  significantly 
as  with  firing  acquisition  empahsized. 
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In  Figure  9,  Blue  tanks  were  camouflaged,  but  firing  acquisitions 
remained  emphasized  (i.e.,  despite  camouflage  all  firing  Blue  tanks  were 
detected  by  the  Red  forces).  The  battle  outcome  was  heavily  in  favor  of 
the  Red  force;  however.  Red  losses  were  greater  than  when  Blue  tanks 
were  not  camouflaged  and  firing  acquisitions  were  emphasized. 


Table  9.  Blue  Tanks  Camouflaged/Firing  Acquistions  Emphasized. 
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In  Fiqure  10,  Blue  tanks  were  camouflaged  and  firinq  acouisitions 
were  deemphasized  (i.e..  Blue  tanks  firinq  were  not  detected  by  Red 
forces).  In  this  simulation,  the  trend  of  battle  reversed  in  favor  of 
of  the  Blue  force. 


100 

00 


f’RCNT 

nfl 

RHM I wn 

Hfl 


20 


T I Hr  (HINinKF) 


Table  10.  Blue  Tanks  Camouf 1 aqcd/F ir inq  Acquisitions  Deemphasized. 


From  the  foregoing,  it  is  apparent  that  the  military  wa -th  of 
camouflaged  tanks  on  the  outcome  of  these  battle  simulations  consists  ot 
both  more  Red  force  losses  and  fewer  Blue  force  losses.  However,  the 
magnitude  of  that  contribution  cannot  be  determined  without  actual 
firinq  acquisition  rates  of  camouflaged  and  noncamouflaqed  tanks. 

Once  determined,  the  relationships  between  the  two  and  its  impact  on 
the  battle  outcome  can  be  established. 


SJl 


AIDED  VISUAL  DEVICE 


THERMAL  DEVICES 


AN/TVS-5  Crew  Served  Weapon 
Night  Vision  Device 

AN/PVS-4  Individual  Served 
Weapon  Night  Vision  Device 

Trials  using  these  devices  were  supplemented  by  day  and  night  trials 
using  the  unaided  eye. 

Camouflage  applications  to  be  evaluated  in  connection  with  the  tank 
camouflage  program  were  required  to  satisfy  several  stiff  cost  and  mission- 
performance  constraints.  It  was  required  that  the  camouflage  technioues  be 
current  state-of-the-art  or  low-risk,  and  that  camouflage  items  used  be 
simple  and  inexpensive.  Items  to  be  tested  were  required  to  have  a minimum 
imnact  on  armor  missions,  especially  with  respect  to  setup  and  strike  times. 
Hardware  to  be  tested  had  to  be  desioned  to  withstand  ruooed  field  use 
without  special  maintenance  or  unusual  precautions. 

All  tanks  evaluated  durinq  the  testino  phase  were  camo  itlaord  to  a 
certain  extent  - namelv,  all  tanks  were  naintod  with  a fol  imulatinn 

pattern  naint.  However,  the  test  tanks  for  the  evaluation  m i iflaoe 
effectiveness  were  equipped  with  additional  proposed  camoul'di  'cations 

develoned  within  the  time  and  cost,  constraints.  The  additi  ’ 1 camouflaoe 
applications  were  evaluated  as  a nackaqe  durina  the  camoufl.  .v>  effectiveness 
tests,  so  that  it  was  not  nossible  from  available  data  to  sav  snecificallv 
which  of  the  camouflaoe  measures  enoloved  contributed  the  most  to  sionatur® 
reduction  or  modification.  The  intent  was  merelv  to  comnare  the  ease  of 
detection  of  the  tanks  with  the  camouflaoe  packaoe  with  the  ease  of  detection 
of  the  uncamouflaged  tanks. 

The  camouflaoe  applications  chanood  the  aooearance  of  the  M60A1  tank. 
Turret  and  hull  signatures  were  changed  by  reshaoinq  accomplished  with 
the  exhaust  deflector,  a low  profile  antenna,  and  special  fender  skirts. 
Disruption  of  the  shane  of  the  vehicle  was  accomplished  bv  securino 
natural  foliage  in  foliage  brackets  and  by  denloving  a gun  barrel  disrupter, 
fender  nets,  and  a bustle  rack  net. 

Additional  user  evaluation  of  proposed  camouflage  measures  according 
to  the  criteria  of  durability  and  ease  of  use  resulted  in  recommendations 
to  eliminateor  modify  several  orioinallv  proposed  measures.  The  follovino 
specific  camouflage  applications  were  finally  recommended  for  further 
enoineerino  development:  (1)  fender  nets  and  support  systems;  (2)  oun 
barrel  disrupter;  (3)  fnliaoe  ‘'rackets;  (4)  turret  bustle  net  and  support 
swstems;  (5)  textured  surfaces.  The  fender  skirts  et  al  were  not  recommend 
as  an  aid  in  reducino  thermal  detection  sionatures,  hut  were  suonested  as 
a notential  measure  for  counterinn  heat-seekino  missiles.  The  low  profile 
antenna  "roved  to  he  operationally  ineffective,  so  that  ultimate  adoption 
of  a low  profile  antenna  is  dependent  imnn  future  enoineerino  developments. 
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ABSTRACT : The  effect  of  evasive  maneuvers  and  intervisibility  segment 

lengths  on  the  ability  of  a tank  gunner  to  engage  and  hit  the 
target  is  an  area  of  great  interest  in  the  Armor  community. 

The  complete  analysis  of  the  data  from  the  Swedish  S-Tank 
Agility /Survivabi lity  (STAGS)  Test  relates  the  effectiveness 
of  evasive  maneuvers  to  apparent  motion  parameters  of  the 
target  vehicle  and  to  the  time  available  for  engagement. 

Otic  of  the  more  important  results  to  come  from  the  test  was 
the  extremely  large  variation  which  was  found  to  exist  between 
gunners  who  had  been  similarly  trained.  Included  in  this 
paper  arc  comparisons  between  "good"  gunners  and  "bad"  gunners. 
Their  performance  against  seven  different  target  vehicles 
with  varying,  horsepower  per  ton  ratios  is  presented.  There 
was  also  a large  variat  ion  within  the  performance  of  indiv- 
idual gunners.  The  implication  is  that  one  of  the  most 
effective  ways  to  imptw  the  performance  of  our  antiarmor 
gun  systems  is  through  improved  performance  of  the  crew. 
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THE  EFFECT  OF  TARGET  VEHICLE  AGILITY  ON  TANK  GUNNERS 


Mr.  William  D.  Hahn,  US  Army  Armor  and  Engineer  Board 
Dr.  Samuel  H.  Parry,  US  Naval  Postgraduate  School 
Mr.  William  D.  West,  US  Army  Armor  and  Engineer  Board 

1.  INTRODUCTION 

The  United  States  Army  Armor  and  Engineer  Board  (USAARENBD)  is 
assisting  the  Defense  Advanced  Research  Projects  Agency  (DARPA)  in  an 
effort  to  determine  and  validate  high  payoff  technologies  for  the  future 
development  of  combat  vehicles.  This  assistance  is  to  be  rendered  in 
progressive  phases  of  a High  Mobility  and  Agility  (HIMAG)  Vehicle 
Program  throughout  the  period  calendar  years  1975  - 1979-  The  purpose 
of  Phase  I was  to  evaluate  the  characteristics,  relative  advantages, 
and  limitations  of  the  turreted  and  turretless  tank,  and  to  make  a 
baseline  assessment  of  the  contribution  to  vehicle  survivability  made 
by  mobility  and  agility. 

Phase  I experimentation  and  analysis  constituted  the  S-Tank 
Agility /Survivability  (STAGS)  Test  conducted  in  open  terrain  (YANO 
Range  at  Fort  Knox).  The  objectives  of  the  experiment  were  to  obtain 
data  that  would  provide  insights  into  the  effects  on  vehicle  surviv- 
ability of 

. Constant  speed 

. Rapid  start  and  stop  operations 

. Evasive  tactics 

. Target  silhouette. 

Even  though  the  analysis  of  firing  vehicle  crew  performance  was  not 
an  initial  objective  of  the  STAGS  Test,  the  results  of  the  experiment 
dictated  that  a complete  analysis  of  this  factor  be  conducted.  The 
results  of  the  crew  performance  analysis  are  described  in  this  paper. 
These  results  are  presented  as  relative  evaluations  of  crew  performance 
for  reasons  of  classification.  The  complete  results  of  the  analyses 
are  given  in  the  Swedish  Tank  Agility/Survivability  (STAGS)  Second 
Partial  Report,  Project  Number  1-C1-000005-03. 

2.  THE  EXPERIMENT 


Defender  (firer)  vehicles  were  one  MbOAl  tank,  one  M60A1E3  tank, 
one  S-Tank,  and  one  TOW  tracker.  Because  the  S-Tank  was  not  required 
to  range  during  the  STAGS  experiment,  the  resulting  data  would  not 
represent  its  actual  ability.  Therefore,  it  is  referenced  as  FI  in 
the  presentation  of  results.  Data  was  collected  using  motion  picture 
cameras  mounted  on  the  defensive  weapon  systems  to  provide  data  for 
analysis  and  evaluation  of  lay  times,  lay  errors,  tracking  accuracies, 
miss-distances,  etc.,  for  each  defender's  engagement  against  the  target 
vehicles.  A position  location  system  was  used  to  collect  time  and  range- 
to-targets  while  software  conversions  provided  position  vectors,  target 
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vehicle  speeds,  accelerations,  and  apparent  motion  parameters.  The 
results  presented  in  this  paper  are  based  on  the  MbOAl  (Al)  and  FI  firer 
vehicles  only. 


Seven  target  vehicles  were  used  to  provide  a wide  range  of  horse- 
power/ton ratios  and  included:  MbOAl  tank  (lU  hp/ton);  S-Tank  (IT  hp/ton); 
M113A1  (21  hp/ton);  AKSV  track  test  bed  (36  hp/ton);  German  RVT-2 
(63  hp/ton);  Twister  Test  Bed  (b8  hp/ton);  and  M113/2E  (with  2 engines, 

<9  hp/ton). 

Three  courses  (HOO  meters  in  length)  were  selected  for  target 
movement.  The  first  was  a constant  range,  flank  coarse  at  1,900  meters 
from  the  firers.  The  second  was  an  oblique  (approaching)  course 
beginning  at  2,000  meters  range  and  ending  at  1,800  meters.  The  third 
course  was  a head-on  course  beginning  at  1,100  meters. 

Several  evasive  tactics  were  evaluated  over  each  course.  These 
tactics  included: 

Constant  Speed.  Target  vehicles  accelerated  to  a given  speed 
and  maintained  that  speed  throughout  the  run.  (Speeds  were  15,  30, 
and  ^5  mph). 

Dash-to-Cover  (D).  Target  vehicles  maintained  all-out 
acceleration  over  the  test  course. 

Long  Sine  (LS).  Target  vehicles  maneuvered  on  a marked 
course  with  a full  period  length  of  250  meters  and  an  amplitude  of 
10-12  meters. 


Original  Damped  Sine  (ODS).  Target  vehicles  maneuvered  on 
a marked  course  consisting  of  three  sines  with  a "dampening"  effect 
(sine  1 had  90-meter  periods,  15-meter  amplitude;  sine  2 had  60-meter 
periods,  10-meter  amplitudes;  sine  3 had  30-meter  periods,  8-meter 
amplitude) . 

Modified  Damped  Sine  (MDS).  Target  vehicles  maneuvered  on 
a dampened  sine  as  above,  with  modifications  to  the  periods  and  amp- 
litudes . 


Free  Play  (FP). 
maneuvers  over  the  course 


Target  vehicles  executed  random  evasive 
run. 


Five  crews  were  used  on  each  defender  vehicle  for  each  course- 
maneuver-target  combination.  While  the  number  "five"  did  not  constitute 
a "large"  sample  size  for  each  combination,  this  number  of  iterations 
was  intended  to  assist  in  "averaging"  out  sources  of  variation  in  the 
experiment  outcomes  caused  by  variability  between  gunners. 
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3. 


CREW  ANALYSIS 


The  objectives  of  the  analysis  of  defender  vehicle  crew  per- 
formance were 


. To  determine  the  amount  of  variation  between  crews  for 
each  firer. 


. To  investigate  the  possibility  of  a learning  effect 
during  the  experiment. 

. To  assess  the  implications  of  differences  in  crews  upon 
other  conclusions  from  the  test. 

The  Armor  and  Engineer  Board  was  provided  with  five  MbOAl  crews. 

A pretest  check  indicated  that  these  crews  would  benefit  from  additional 
training,  wi. ich  was  provided.  Twenty-one  men  were  selected  to  be  trained 
as  S-Tank  crewmen.  They  were  above  average  in  motivation  and  past  per- 
formance. They  were  "good  soldiers"  with  a high  probability  of 
completing  the  intensive  six-weeks  special  training  and  the  following 
STAGS  test.  Because  there  was  no  cross  training  of  crews  (i.e.,  crews 
trained  and  "fired"  only  one  vehicle),  the  method  of  analysis  included 
split  plot  analyses  of  variance  with  crews  treated  as  sub  plots.  Means 
were  tabled  and  graphed,  trend  lines  were  plotted  and  learning  effects 
were  investigated. 

The  term  "crew"  is  used  throughout  this  paper.  It  should  be 
noted  that  for  the  FI  firer,  the  gunner  was  the  sole  contributor  to 
the  results.  For  the  A1  firer,  the  tank  commander  had  some  influence 
(he  determined  range)  but  primarily  the  gunner  was  responsible  for  the 
results . 

The  analysis  of  variance  indicates  that  for  most  variables  the 
ERROR  A mean  squares  are  much  larger  than  the  ERROR  B mean  squares. 

ERROR  A is  made  up  of  variability  due  to  CREW  and  CREW/FIRER  inter- 
action, and  ERROR  B is  the  "within  plot"  residual  error.  Although 
there  is  no  appropriate  statistical  test  to  evaluate  crew  differences 
in  this  design,  the  fact  that  the  ERROR  A is  so  much  larger  than 
ERROR  B indicates  a great  deal  of  variability  between  crews.  For  the 
entire  data  base,  GXERR  (gunner  induced  horizontal  miss  distance,  the 
variable  of  most  importance  in  this  paper)  has  an  ERROR  A mean  square 
which  is  k9  times  as  large  as  the  ERROR  B mean  square. 

An  examination  of  means  for  the  various  crew  confirms  this  vari- 
ability. The  performance  of  each  crew  versus  each  target  vehicle  is 
shown  in  figures  1 and  2.  The  actual  magnitude  of  |GXERR|  is  not 
shown  for  reasons  of  classification.  Note  from  figure  1 that  the 
error  for  the  worst  FI  crew  was  up  to  6 times  greater  than  for  the 
best  FI  crew  (versus  the  Twister  vehicle).  A comparison  of  figures 
1 and  2 indicate  a smaller  spread  between  A1  crews  than  between  FI  crews, 
even  though  FI  crews  were  subjected  to  a much  more  intensive  training 
program  than  were  the  A1  crews.  Examination  of  the  figures  also  indicates 
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FI  CREWS 


TARGET  VEHICLES 


A I CREWS 


TARGET  VEHICLES 


a marked  consistency  (with  good  crews  generally  good  mid  bad  crews 
generally  bad)  regardless  of  target.  A similar  pattern  resulted  from 
analyses  by  course  and  by  maneuver. 

Hecall  that  GXERR  was  defined  as  the  gunner-induced  contribution 
to  h orizonta , miss-distance.  TXERR  was  defined  as  the  target- induced 
• ribution  to  horizontal  miss-distance,  and 

XERR  = GXERR  + TXERR 

where  XERR  = total  horizontal  miss  distance. 

TXERR  and  | TXERR | values  were  essentially  the  same  for  all  crews. 
This  fact  lends  credence  to  the  data,  since  the  ability  of  the 
gunner  has  no  influence  on  the  error  induced  by  a maneuvering  target 
after  trigger  pull. 

Another  significant  observation  from  the  analysis  was  that  the 
poorest  crews  tended  to  overlead  the  targets,  as  reflected  by  XERR 
(i.e.,  the  mean  value  of  XERR  was  a significant  positive  number'.  Jn 
the  other  hand,  the  mean  value  of  XERR  for  the  best  crews  was  very 
close  to  zero,  indicating  no  trend  toward  overleading  or  underloading. 

For  each  firer  vehicle,  the  crews  were  ranked  for  each  of  the 
following  variables  (see  figure  j): 

. XERR  - Total  horizontal  miss-distance 

. YERR  - Total  vertical  miss-distance 

. PH-D  - Hit  probability  considering  ballistic  dispersion 
. PH-B  - Zero,  one  (miss-hit)  for  a trigger  pull 
. GXERR  - Gunner  induced  horizontal  miss-distance 

. TXERRJ  - Target  induced  horizontal  miss-distance. 

Based  on  these  rankings,  an  overall  ranking  was  subjectively 
assigned.  The  overall  ranking  for  FI  crews  was  clearest  ; the  overall 
ranking  for  A1  crews  was  not  as  obvious  but  was  based  mainly  on  | GXERR| 
and  PH-D. 

A comparison  was  maue  for  the  FI  crews  between  the  rankings  on 
pretest  training  performance,  subjective  observations  of  crew  abilities 
by  a test  piroject  officer,  and  the  rankings  based  on  the  STAGS  test  (see 
figure  U).  The  correspondence  was  assuring  since  those  gunners  with 
excellent  eye-hand  coordination  (crews  U and  1)  as  measured  by  pretest 
training  did  very  well  on  the  STAGS  Survivability  Test.  The  one  surpris 
to  the  test  officer  was  crew  b,  which  was  ranked  top  on  the  STAGS  test. 
The  gunner  did  not  have  the  best  eye-hand  coordinat ion , but  the  one 
attribute  which  apparently  compensated  for  that  was  high  motivation.  He 
was  extremely  competitive  and  had  an  intense  desire  to  "get  the  job  done 
Similar  information  for  the  A1  crews  was  not  available,  since  their 
training  was  much  shorter  and  less  structured. 
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CREW  RANKINGS 


ALL  COURSES,  TARGETS,  MANEUVERS 


FIRER VARIABLE 

FI  XERR 

YERR 
PH-B 
PH-D 
GXERR 
TXERR 

OVERALL  RANK 

A1  XERR 

YERR 
PH-B 
PH-D 
GXERR 
TXERR 

OVERALL  RANK 


CREW  MEMBER 


WORST 


FIGURE 


CREW  NO. 


TRAINING 

PERFORMANCE 

Medxura 

High 

High 

Medium 

Fair 


FL  CREW  RANKING 


MOTIVATION 

Very  High 

High 

High 

Medium 

Medium 


STAGS  TEST 

PERFORMANCE 

GXERR 


NOTE:  The  mean  is  expressed  using  Crew  5 as  the  baseline  l.Ox.  All  other 
values  are  expressed  as  a multiple  of  x for  reasons  of  classification 

FIGURE  k 


An  investigation  of  possible  learning  effects  for  good  and  bad 
crews  was  made.  The  variable  analyzed  was  jGXFRR  j . • The  two  best 
crews  and  the  two  worst  crews  for  each  firer  were  compared  to  see 
if  the  learning  effects  were  the  same  for  good  and  bad  crews.  The 
runs  under  consideration  were  runs  66  through  345  (all  trials  except 
the  constant  speed  runs).  Target  vehicles  and  courses  were  randomized 
throughout  these  runs.  However,  because  of  test  execution  constraints 
(such  as  changing  pylons),  the  maneuvers  were  not  randomized.  All 
original  damped  sine  and  long  sine  runs  were  conducted  in  the  first 
half  of  the  test.  All  free  play  and  modified  damped  sine  runs  were 
conducted  in  the  last  half  of  the  test.  The  only  maneuver  which  was 
conducted  both  at  the  beginning  and  at  the  end  was  the  dash.  For  this 
reason,  the  dash  was  selected  for  this  investigation.  The  head-on  course 
was  excluded,  since  it  presented  no  challenge  with  a dash  maneuver. 

Means  and  standard  deviations  were  computed  for  each  run  under 
consideration.  The  mean  |GXERR  | for  each  run  was  correlated  with  the 
exposure  number  (i.e.  , first  exposure,  second  exposure,  etc.)  for  the 
dash  for  the  two  crews.  Figure  5 lists  the  mean  j GXERR  |,  the  correlation 
coefficient  (r),  the  probability  (p)  of  getting  that  extreme  an  r 


value  if 

in  fact 

the  true  correlation  was  zero  and 

the 

number 

exposures 

or  runs 

involving  the 

dash  for 

the  two  crews, 

LEARNING 

EFFECTS 

ON  DASH 

FIRER 

CREWS 

ABILITY 

MEAN 

r 

_E_  _ 

n 

FI 

5,  4 

Good 

l.OOx 

.14 

.28 

20 

FI 

3,  6 

Bad 

i.6Tx 

-.27 

.18 

14 

Al 

5,  3 

Good 

0.82x 

.12 

.31 

19 

Al 

2,  1 

Bad 

l.Ulx 

-.02 

.48 

14 

NOTE:  The  mean  is  expressed  using  FI  crews  5,  4 as  the  base,  expressed  by 
x.  All  other  values  are  expressed  relative  to  x for  reasons  of 
classification. 

FIGURE  5 


The  conclusion  to  be  drawn  from  figure  5 is  that  there  was  no  learning 
effect.  None  of  the  probabilities  are  small  enough  to  be  significant.  For 
good  crews,  or  bad  crews,  FI  or  Al,  there  is  no  evidence  that  they  got 
better' or  worse  at  leading  the  target  as  the  test  progressed.  In  the 
absence  of  any  feedback  to  the  crews  relative  to  their  "hits,"  there  is 
no  reason  to  believe  that  they  would  get  better  or  worse  as  the  test 
progressed.  Although  the  r values  suggest  that  the  good  crews  got  worse 
(positive  r)  and  the  bad  crews  got  better  (negative  r),  none  of  the  r 
values  are  significantly  different  from  zero  (no  change).  A comparison 
of  the  means  gives  an  indication  of  variability  between  runs.  The  stand- 
ard deviation  gives  an  indication  of  the  variability  within  a run.  The 
standard  deviations  for  good  and  bad  crews  on  the  dash  were  analyzed  to 
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:''iv  i !'  t.lu'  variability  within  runa  changed  a a the  test  progressed.  Aa 
in  t ho  ease  of  nuvinsi , there  won'  no  r.  ign  i t'i  oant  trends  in  the  sine  of 
the  standard  dov ial . ions . 

hared  kin  tho  analysis  desori bod  above,  it  ir>  eoneluded  that 
there  was  ik'  ehango  m pinner  per  formatioe  throughout  t.iio  t'urv  i vnb  i 1 i t y 
Subtost  ;ui  n result  of  n i onrn i ng  effort  . Tlioro  was  no  change  in  tho 
moan  (average)  absolute  pumnT  miss  nor  in  the  amount.  of  variability 
about  tli in  moan  minis. 

In  an  offort  10  dotormino  whotlu'r  good  on  wa  and  hah  crows 
exhibited  tho  r.aino  trends,  mo  aim  and  standard  dev i at  ions  won'  computed 
for  good  vorr.ua  bud  orowr. , broken  down  by  firorr. , oursos,  maneuver:'. , 
and  targets.  In  ovory  oar.o,  trends  were  found  t o bo  t ho  amiio  for  t ho 
good  unu  tho  bad  orowy.  I'horot'oro,  it  nppoaro.  that  tho  roaulta  and 
cone Luu> Iona  for  t ho  durvinbillty  f-ubtest  would  not  hnvo  oliangod  ovon 
if  tlu'  orowr.  had  not  boon  no  variod. 

It.  til  l MM  AH  V AN1_>  dOWC  Uit’-iONit 

Kvon  though  tho  uiiuiyr.  i a of  orow  por  t'ormanoo  war.  not  a primary 
object ivo  of  tho  :'TAil;'.  Tort  , tho  roaultr.  of  thin  unu lysis  aro  i xtremolj 
significant  and  aro  ruinmar  i rod  below: 

. Tho  magnitude  of  tho  variability  both  "holwoon"  and 

"within'  orowr.  liar  boon  quantified  from  a largo  data  base  ^approximately 
i'l‘00  trigger  pul  l.a  for  tho  Pi  and  Al  firing  vehicle:'.). 

. brow  variability  i a by  far  tho  larger,  t oont  r i hut  or 
t.o  tho  total  experimental  variance. 

. The  "within"  orow  variance  ir  approximately  equal  to 
the  moan  (for  | ilXKKIi  | ) , indicating  that  tho  poorer  orowr.  alr.o  exhibit 
t ho  I argor  var i auco . 

Hie  poorer  orowr.  exhibited  a rignifioant  tendency  to 
overload  tho  target:-. 

. A rignifioant  offort.  i r>  required  in  the  future  to 
1 or.yeti  both  "between"  and  "within"  orow  variance  through  now  training 
technique:’,  and  Increased  motivation  of  t lie  orowr. 
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States  Military  Academy;  Dr.  Douglas  C.  Montgomery,  Georgia 
Institute  of  Technology. 

ABSTRACT:  This  research  develops  a multistage  decision  process  designed 

to  obtain  the  maximum  amount  of  information  from  the  evaluation  of  a 
factorial  design  while  minimizing  the  amount  of  resources  used  in 
obtaining  the  information.  The  use  of  screening  experiments  in  building 
the  factorial  design  is  investigated  in  order  to  maximize  the  amount  of 
information  gained.  The  use  of  sequential  analysis  procedures  to 
terminate  experimentation  at  the  earliest  possible  time  is  investigated 
in  order  to  minimize  the  amount  of  resources  used.  The  research  is 
limited  to  2n  factorial  designs  involving  univariate  response  models 
assumed  to  come  from  a normal  population;  however,  the  procedure  can  be 
easily  extended  to  any  factorial  design. 

The  approach  is  demonstrated  for  an  operational  test  involving  a 
2°  factorial  design  and  the  results  are  compared  to  "classical"  pro- 
cedures. The  sensitivity  of  the  required  input  parameters  is  investi- 
gated and  related  applications  are  discussed. 

The  proposed  approach  is  found  to  be  a viable  method  of  designing, 
conducting,  and  evaluating  an  operational  test  involving  a factorial 
experiment . 
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SUBJECT:  A Cost  optimal  approach  to  selecting  a fractional  factorial 
design. 

AUTHORS:  CPT  William  F.  Friese,  Jr.,  Department  of  Mathematics,  United 

States  Military  Academy;  Dr.  Douglas  C.  Montgomery,  Georgia 
Institute  of  Technology. 

INTRODUCTION 

The  U.  S.  Army  Operational  Test  and  Evaluation  Agency  (OTEA)  is 
tasked  with  conducting  operational  testing  on  items  proposed  for  addi- 
tion to  the  Army  inventory.  Conducting  these  tests  requires  the  ex- 
penditure of  a great  deal  of  time  and  money  and  OTEA,  like  every  other 
government  agency,  is  faced  with  limitations  on  the  amount  of  rescources 
available  for  conducting  such  tests.  As  such,  they  are  interested  in 
obtaining  the  required  amount  of  information  concerning  the  system 
being  tested  while  expending  as  few  resources  as  possible.  This  can  be 
accomplished  by  minimizing  the  number  of  observations  or  experimental 
trials  required  to  obtain  the  desired  information. 

ASSUMPTIONS 

The  nature  of  operational  testing  often  dictates  that  the  tested 
system  be  evaluated  for  several  Measures  of  Effectiveness  (MOE) , each 
of  which  may  have  to  be  evaluated  at  more  than  one  level.  As  a result, 
operational  testing  lends  itself  very  readily  to  a factorial  type  ex- 
periment. Therefore,  this  paper  will  address  itself  to  an  experiment 
involving  a factorial  design. 

Since  Operational  Testing  is  designed  to  test  one  proposed  system 
against  another  or  against  some  standard  for  comparison,  the  hypothesis 
to  be  tested  is  of  the  form: 


H : M = u 
o o 

Hi : u > UG 

where  = standard  for  comparison. 

= population  mean  for  the  item  being  tested. 


(1) 


Operational  testing  will  require  thac  the  prototype  item  exceed  the 
standard  for  comparison  by  a certain  margin  before  the  decision  to 
accept  the  item  is  made  so  (1)  can  be  rewritten  as: 


H - U„ 


Hi:  M - U0  = &cr 


(2) 


where  d is  the  required  margin  of  difference. 

Since  d will  be  some  positive  number,  it  can  be  expressed  as  some 
constant  multiple  of  the  population  standard  deviation,  also  a positive 
number,  and  (2)  can  be  rewritten  as: 
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0 


(3) 


V U * " 

H, : u - UQ  = &CJ 

Given  the  nature  of  operational  testing,  the  assumption  is  also 
made  that  the  observed  responses  will  come  from  a normal  population 
with  unknown  mean  u and  variance  a2.  The  value  of  o2  may  or  may  not 
be  known  and  each  case  will  be  treated  separately.  If  a2  is  known, 
the  problem  is  greatly  simplified.  If  it  is  not  known,  a sequential 
procedure  can  be  developed  but  an  alternate  solution  is  to  obtain  some 
estimate  of  o2  as  soon  as  possible.  This  estimate  may  be  obtained  from 
any  prior  testing  done  on  the  system,  from  comparison  with  a similar 
type  system,  or  from  the  results  obtained  in  OT  I and  then  used  through- 
out the  remaining  operational  tests. 

PROPOSED  METHODOLOGY: 

This  section  will  present  a formalized  procedure  for  building  a 
factorial  experiment  with  the  goal  of  reducing  the  sample  size  without 
reducing  the  amount  of  information  obtained  from  the  experimentation. 
This  information  may  include  data  about  the  significance  of  the  various 
factors,  the  levels  of  significance,  or  the  probabilities  of  making  a 
Type  I of  Type  II  error.  Two  cases  will  be  considered,  variance  known 
and  variance  unknown. 


Variance  Known 


If  the  variance  is  known,  the  sequential  probability  ratio  test  can 
be  employed  to  make  a decision  to  either  accept  the  null  or  alternate 
hypothesis  or  to  continue  sampling.  Since  (3)  is  in  the  form  of  a 
simple  null  hypothesis  against  a simple  alternate  hypothesis,  the  like- 
lihood ratio  test: 


E F(x  |t>,) 


Lin  i=l  i 


L n 

on  n F(x.|t>o) 

i=l 


(4) 


can  be  used  as  a basis  for  making  this  decision.  The  sequential  pro- 
cedure should  include  a region  for  accepting  H , a region  for  accepting 
Hj,  and  a region  in  which  the  decision  to  continue  sampling  is  made. 

For  a normal  population: 


L 


n 1 , Xi'U  2 

n — — — exp  (-^( ) ) 

i=l  -Jin  a 


(2 


-1—  n/2  exp (-  — L_  E (x.  -uT> 

nCJ2)  2a2  i-1  1 


(5) 


and  there  lore 
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L. 


in  _ (2 n J 


^n/2^P(-^  J,Oy 


«,>■> 


on 


(2n 


V)n/2exp(-^i=i(Xi 


E (x.-u  1 ) 


(f>) 


which  reduces  to 


L. 

m 


= exp 


on 


( 2 2 C\ 

uruo  " n(u0"u, ) 

E X.  + r-, 1— 

a2  1=1  i 2ol 


(7) 


(8) 


The  decision  rule  for  Che  sequential  procedure  will  then  reduce  to: 

1)  Stop  sampling  and  accept  Hq  if  (7)  < B 

2)  Stop  sampling  and  accept'.  Hj  if  (7)  > A 

3)  Continue  sampling  if  B < (7)  < A 

values  of 

B =•  -p — and  A = 

1-a  a 

will  result  in  a sequential  test  with  the  desired  probabilities  of 
error  a and  S . 

Substituting  (9)  into  (8),  taking  logarithms,  and  simplifying  yields 
tlie  following  sequential  procedure  for  a normal  population  with  known 
variance : 

1)  Stop  sampling  and  accept  if  log  - — - + — 


(9) 


u “uf 


l-« 


■3 

2)  Stop  sampling  and  accept  H,  if  log  — — + n(— 

u ,-Uo  a 


3)  Continue  sampling  if 

8 n(u  +ud 


log 


1-a 


v.  y 


X . 


32  l-p  , ,ui  + uo 

— *■  + n(— 

a 2 


log 


where  u is  as  hypothesized  in  (31  and 


U,  - u. 
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Variance  Unknown 


If  the  variance  of  the  normal  population  is  unknown,  the  problem 
is  considerably  more  difficult  since  the  likelihood  ratio  (71  will 
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depend  on  the  value  of  the  unknown  variance.  If  a reasonable  approxima- 
tion to  the  variance  can  be  obtained,  a sequential  probability  ratio  test 
can  be  performed  that  will  closely  approximate  the  test  for  the  variance 
known  case.  In  most  cases,  this  approximation  will  not  be  available. 

Use  can  then  be  made  of  the  fact  that  a random  variable  formed  as  the 
ratio  of  a N(0,l)  variable  to  the  square  root  of  a chi-square  variable 
divided  by  its  degrees  of  freedom  follows  a t distribution. 

Under  the  assumption  that  the  response  variable,  X, , comes  from  a 
N(u,0i)  population,  the  sum  of  n observed  responses  will  follow  a 
N(^  ) distribution  and  the  statistic 

Z = (X  - u)/J/vn  (10) 

will  follow  a \'(0,  l)  distribution.  A chi-square  random  variable  with  n 
degrees  of  freedom  is  the  sum  of  the  squares  of  n independent  N(0,1) 
variables  so  the  quantity 

n 

E ((X.  - u)/0)-  (11) 

1=1  1 

will  be  distributed  as  chi-square  with  n degrees  of  freedom  and  the  t- 
statistic  proposed  by  Govindara julu  [ 2 ] can  be  formed. 

The  procedure  of  Baker  [I]  as  modified  by  Hall  [3]  incorporates 
the  required  margin  of  difference,  h,  in  the  formulation  of  the  test 
statistic 

i n z 

rn(Sn  ) - (5  2 (x  - 8/2))/S  (n  > nQ)  (12) 

o i=l  ‘ o 

in  the  proposed  two  stage  procedure.  Baker  develops  the  following  as 
appropriate  upper  and  lower  bounds  to  the  sampling  region: 

-2/n  -1 

a = i(n  -1)  (a  ° -1) 

n a o 
o 

-2/n  -1 

bn  = -*<V1)(|3  ° _1) 

o 

The  sequential  procedure  for  the  variance  unknown  case  then  reduces 
to: 

A.  Observe  the  first  n^  observations  of  the  response  variable,  Xj.x;,, 

. . . , x 

n 

o 

B.  Compute  the  quantities: 


(13) 

(14) 


n 

o 


£ x . / n 
1 = 1 1 ° 


(15) 
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and 


S"o  ' i^*  - V^V1*  (16) 

c.  For  each  observation  n > nQ,  after  observing  X : 

1.  Stop  sampling  and  decide  in  favor  of  H if  r (S2  ) ^ b 

° n r>o  ' n 

2.  Stop  sampling  and  decide  in  favor  of  H,  if  r (S2  ) > a ° 

n n0  n 

3.  Continue  sampling  if  b ^ r (Sa  ) < a ° 

n0  n n n 

° o o 

The  modification  of  recomputing  s^,  % and  bn  after  each  ohaer- 

p°roc‘!d“«-  test  would 

account  for  the  fact  that  ft  ( “Ith  k'Id"  boundaries  to 

verge  to  TTTllnXL  Z — 

Solution  Procgdiirf* 

sary  control  variables  from  future  . lder  t0  ellminate  unneces- 

aj-i.aoi.es  irom  future  experimentation. 

is  itt 

-u-rs: chz-r,be rrolr 

erating  reUtio„.hipn„seVS'  f T 

n r" 

performed  to  determine  probable  sig.UficaLe  of  aif.T  T™  *? 
point  on.  each  successive  fraction  is  examined  basecTon'cl  ^ 
for  appropriate  factors  in  order  to  isolate  h changing  signs 

In  case  there  are  no  factors  or  i^te^cUons  of ^ i"  ° f inter6St- 

heuristic  approach  would  bo  to  change  the  ? f lnterest>  a 

proven  to  be  significant  to  oht  • ^ *"1  ^°S  for  the  maj°r  factors 

their  *wo  factS  inieractxons  ^na"  mUC^  ™f°™tlon  ^ut  thorn  and 
as  one  of  the  sequential  boundaries^s^ossed'^nd  *eJtIUnated  as  soon 
to  accept  one  or  another  of  the  hypotheses  ' At  this  timl*'™  18 

of  variance  can  bo  performed  to  determine  which  effect  ’ 3nalysis 
significant.  e wt11ch  effects  are  or  are  not 


1) 


The  formalized  algorithm  is  as  follows; 

Determine  the  variables  of  interest  and 
examined  at . 


the  levels  each  are  to  be 


548 


2)  Determine  the  number  of  observations  that  can  be  made  under  homogen- 
ous conditions. 

3)  Determine  the  generating  relationship  to  fractionate  the  full 
factorial  experiment  so  that  the  number  of  observations  in  a block, 
n0,  is  less  than  or  equal  to  the  number  determined  in  2 above. 

4)  Determine  required  input  data  and  parameters: 

a)  Acceptable  levels  of  type  I and  type  II  errors,  a and  g. 

b)  Required  difference  margin, 

c)  Actual  value  of  an  estimate  for  variance  of  the  response  variable 
if  possible. 

d)  Hypotheses  to  be  tested. 

5)  Pick  one  of  the  blocks  at  random  and  perform  the  experimentation. 

6)  If  the  value  of  the  variance  is  unknown  or  if  there  is  no  reasonable 
estimate  for  the  variance,  go  to  8 . Otherwise  continue. 

7)  Perform  sequential  analysis  using  the  sequential  probability  ratio 
test  since  the  variance  is  known.  If  the  SPRT  results  in  a decision 
to  stop  sampling,  go  to  14;  otherwise,  go  to  9. 

8)  Perform  sequential  analysis  using  the  sequential  t test  since  the 
variance  is  unknown.  If  the  sequential  t test  results  in  a decision 
to  stop  sampling,  go  to  14;  otherwise,  continue. 

9)  Perform  the  next  block  of  experiments  with  all  signs  in  the  first 
block  reversed.  If  the  variance  is.  known,  go  to  10.  If  the  variance 
is  not  known,  go  to  11. 

10)  Perform  sequential  analysis  using  the  SPRT.  If  the  decision  is  to 
stop  sampling,  go  to  14.  If  not,  go  to  12. 

11)  Perform  sequential  analysis  using  the  sequential  t test.  If  the 
decision  is  to  stop  sampling,  go  to  14.  If  not,  continue. 

12)  Perform  a screening  analysis  of  the  effects  due  to  the  main  factors 
in  order  to  determine  relative  significance  of  main  factors  and 
combinations  of  two-factor  interactions. 

13)  Determine  factors  and  interactions  of  interest  and  perform  the  next 
block  of  experiments  found  by  switching  the  signs  in  the  column  for 
the  factor  of  interest.  If  the  variance  is  known,  go  to  10.  If  the 
variance  is  not  known,  go  to  11. 

14)  Perform  an  ANOVA  to  determine  the  level  of  significance  of  all 
factors  of  interest.  Eliminate  non-significant  factors  from  further 
testing  by  setting  them  at  some  common  level. 

15)  If  sequential  analysis  does  not  result  in  a decision  in  favor  of 
one  hypothesis  or  another,  stop  sampling  and  perform  an  ANOVA  after 
one  observation  has  been  made  at  each  treatment  combination. 

The  proposed  methodology  will  be  illustrated  in  the  next  section 
by  means  of  an  example  based  on  an  actual  operational  test. 
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DEMONSTRATION  OF  THE  APPROACH 


This  section  will  present  an  example  of  the  methodology  developed 
in  the  previous  section.  Hypothetical  results  from  an  Operational  Test 
are  presented  and  analyzed  in  the  classical  manner  currently  employed. 
Then  the  proposed  methodology  is  applied  to  the  same  results  with  a 
reduction  in  the  sample  size  required  to  gain  the  same  information  from 
the  data. 

BACKGROUND. 

The  Commander,  U.S.  Army  Operational  Test  and  Evaluation  Agency 
(OTEA)  has  been  given  the  requirement  to  conduct  Operational  testing  to 
evaluate  the  overall  effectiveness  of  the  new  Artillery  Locating  Radar, 
AN-TPQ-37,  designed  as  a replacement  for  the  system  currently  in  use. 

The  test  plan  calls  for  testing  several  different  performance 
aspects  of  the  Artillery  Locating  Radar  (ALR) , one  of  which  is  its 
ability  to  detect  hostile  artillery  fire.  Since  the  radar  cannot  locate 
hostile  artillery  unless  it  first  detects  it,  the  most  critical  issue 
for  this  test  is  the  percentage  of  hostile  artillery  rounds  detected. 

The  manufacturer  has  determined  that  five  factors  should  influence  the 
performance  of  the  radar.  They  are  the  threat  array  employed  by  the 
enemy,  the  use  of  electronic  counter  measures  (ECM)  by  the  enemy,  the 
rate  of  hostile  fire,  the  range  from  the  ALR  to  the  enemy  threat,  and 
the  sector  the  ALR  is  searching.  All  of  these  factors  can  be  set  at 
two  levels  except  for  the  threat  array.  That  can  be  set  at  one  of  four 
levels  to  represent  the  typical  composition  of  enemy  artillery  units 
that  the  ALR  is  likely  to  be  deployed  against.  Since  four  is  a multiple 
of  two,  the  threat  array  factor  can  be  represented  as  two  pseudo-factors 
each  with  two  levels  and  the  entire  experiment  can  be  represented  as  a 
26  factorial  experiment.  The  six  factors  and  the  levels  of  each  factor 
are  shown  in  Table  1. 

Table  1.  Factors  in  2C  Factorial  Experiments. 


Factor 

A - ECM 

B - Rate  of  Fire 
C - Range 
D - Sector 
E - Threat  Array 
F - Threat  Array 

Where  THREAT  ARRAY  I 
II 
III 
IV 


Low  Level 

Not  Employed 
Slow 

Short  < 10,000  KM 
Narrow  (±  15°  of  center 
I 

III 

= 1 enemy  battery 
= 2 enemy  batteries 
= 1 enemy  battalion 
= 2 enemy  battalions 


High  Level 

Employed 

Fast 

Long  j 10,000  KM 
Wide  (15-45°  of  center’) 
II 
IV 
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The  Commander , OTEA,  has  stated  that  the  ALR  be  tested  by  deter- 
mining the  percentage  of  hostile  artillery  rounds  detected  irom  firings 
taken  at  each  of  the  64  possible  treatment  combinations.  The  analysis 
method  used  will  be  Analysis  of  Variance  (ANOVA)  with  all  third  order 
and  higher  interactions  assumed  to  be  negligible  and  pooled  to  form  an 
estimate  of  the  error.  The  standard  for  comparison  is  the  current 
system  which  is  detecting  30c  of  all  hostile  artillery  rounds.  The 
measure  of  effectiveness  employed  will  be  the  percentage  of  rounds 
located.  The  principle  purpose  of  the  test  will  be  to  determine  whether 
or  not  the  mean  percentage  of  rounds  detected  by  the  ALR  exceeds  the 
current  system  by  some  multiple  of  the  standard  deviation.  It  is  assumed 
that  the  percentage  of  rounds  detected  comes  from  a normal  distribution 
with  unknown  mean,  and  variance,  2 . Therefore,  the  testing  will 
consist  of  a test  of  H = u vs.  Hi’.ii  = u + T 3 , where  is  some 
positive  constant. 


Classical  Methods 

OTEA  conducted  test  firings  at  all  64  treatment  combinations  and 
determined  the  percentage  of  rounds  detected  from  each  firing.  Time 
Limitations  precluded  any  more  than  eight  test  firings  per  day  so  a 2r 
resolution  III  design  with  1 = AB1)  = ACE  = BCE  = BCDE  = ACDF  = ABEF  = DEF 
as  the  generating  relationship  was  used  to  fractionate  the  design  and 
then  the  eight  different  blocks  were  fired  in  random  order.  The  results, 
percentage  of  rounds  detected,  and  the  ANOVA  for  the  entire  experiment 
are  shown  in  Tables  2 and  3.  The  results  of  the  ANOVA  indicate  that  only 
the  factors  relating  to  ECM,  rate  of  fire,  and  sector  of  search  are  sig- 
nificant so  OT  II  should  be  conducted  using  only  those  factors. 


Proposed  Methodology 

Using  the  same  data  and  restrictions  as  in  the  actual  OT  I,  the 
following  example  will  illustrate  the  proposed  sequential  procedure. 

Tlie  first  eight  observations  are  obtained  from  the  block  generated 
by  I = ABD  = ACE  - BCF  = BCDE  = A CDF  = ABEF  = DEF  and  consists  of 
treatment  combinations  dof  (371,  af  (36)  be  (,40),  abd  (3/),  cd  (61), 
ace  (34) , bcf  (46)  and  abcdef  (89)  where  the  values  in  parentheses 


represent  the  observed  response  for  that  treatment  combination.  Based 
on  these  observed  responses,  5 = 1,  a = .10.  and  8 - .10,  the  following 

computations  are  performed; 

y = 430/8  = 53.73  (17) 

£*  = 3635.5/7  = 519.35  (18) 

■Ss  = ( 7 ) ( . 1~  7 - 1 ) = 3.26  (19) 

h,  = -?(?)  ( . l” -1)  = -3.26  (20) 

r*(S2)  = - >/2 ) ) /S;  = 426/519.35  = .32  ^21) 


Since  ife  < r8(S^)  < Ag  , the  decision  is  made  to  continue  sampling. 


The  alias  structure  for  this  2 resolution  III 
in  Table  4.  Assuming  that  uLi  third  order  and  higher 
negligible,  each  major  factor  is  aliased  with  two  rwo- 


desigu  is  shown 
interactions  are 
■ fac tor  interne l 1 ons . 


Table 

2. 

Data  from  the 

Full  2° 

Factorial  Exper 

iment 

(1) 

24 

e 

10 

f 

18 

ef 

L8 

a 

38 

ae 

46 

af 

36 

aef 

34 

b 

33 

be 

40 

bf 

31 

bef 

32 

ab 

56 

abe 

74 

abf 

74 

abef 

69 

c 

15 

ce 

13 

c f 

11 

cef 

10 

ac 

42 

ace 

34 

acf 

41 

acef 

43 

be 

34 

bee 

30 

bef 

46 

beef 

39 

a be 

69 

abce 

72 

abef 

47 

abcef 

44 

d 

57 

de 

53 

df 

45 

def 

37 

ad 

b6 

ade 

75 

adf 

66 

adef 

60 

bd 

79 

bde 

70 

bdf 

56 

bdef 

67 

abd 

67 

abde 

83 

abdf 

88 

abdef 

86 

cd 

61 

ede 

49 

cdf 

47 

edef 

48 

acd 

78 

aede 

72 

aedf 

67 

aedef 

75 

bed 

67 

bede 

56 

bedf 

65 

bedef 

70 

abed 

95 

abede 

89 

abed  f 

82 

abedef 

89 

Table  3.  Analysis  of  Variance  TabLe  for  the  Entire  Data  Set 
ANOVA 


Source 

SS 

DF 

MS 

Fq 

ECM 

3695.56 

1 

8695.56 

180.5** 

Rate  of  Fire 

6201.56 

1 

6201.56 

128.7** 

Range 

1.00 

1 

1.00 

.02 

Sec  tor 

14460.06 

1 

14460.06 

300.2** 

Threat  Array* 

286.375 

3 

95.46 

1.98 

Error 

2697.445 

56 

48.16 

Total 

23342. 

63 

«•  ss 

Threat  Array 

= SSE  + SSF  + SSEF 

^Significant  at 

l3?!  level . 

I 


I 
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Table  4.  Alias  Structure  for  2^^  Design 


Factor 

A L I 

A S E S 

I 

ABD 

ACE 

BCF 

BCDE 

ACDF 

ABEF 

DEF 

A 

BD 

CE 

ABCF 

ABODE 

CDF 

BEF 

ADEF 

B 

AD 

ABCE 

CF 

CDE 

ABCDF 

AEF 

BDEF 

C 

ABCD 

AE 

BF 

BDE 

ADF 

ABCEF 

CDEF 

D 

AB 

ACDE 

BCDF 

BCE 

ACF 

ABDEF 

EF 

E 

ABDE 

AC 

BCEF 

BCD 

ACDEF 

ABF 

DF 

F 

ABDF 

ACEF 

BC 

BCDEF 

ACD 

ABE 

DE 

AF 

BDF 

CEF 

ABC 

ABCDEF 

CD 

BE 

ADE 

Table  5. 

Screening  Results 

of  Blocks  1 and  2. 

< 

II 

< 

■ BD  + CE  = 

62/3  = 20 

.67 

£'  * -A  + 
A 

BD  + CE 

= 

-44.67 

= B + 

AD  + CF  = 

31.33 

*;  • -»  + 

AD  + CF 

= 

-24.67 

*c  = c + 

AE  + BF  = 

10.00 

*'c  = -c  + 

AE  + BF 

= 

7.33 

<D  = ° + 

AB  + EF  = 

39.33 

*D  = "D  + 

AB  + EF 

= 

-27.33 

eE  = E + 

AC  + DF  = 

-10.00 

l'z  = ’E  + 

AC  + DF 

= 

2.00 

*F  = F + 

BC  + DE  = 

-4.67 

«■  - -F% 

BC  + DF. 

= 

7.33 

^CD  " CD 

+ BE  + AF  = 

= 4.00 

4CD  = CD  + 

BE  + AF 

= 

18.67 

fc(l.  + £') 

* 1 1 

?(?i  - l\ 

BD  + CE 

= 12.00 

A = 32.67 

AD  + CF 

= 3.33 

B = 28.00 

AF  + BF 

- 8.67 

C = 1.33 

AB  + EF 

= 6.00 

D = 33.33 

AC  + DF 

= -4.00 

E = -b.00 

BC  + UE 

= i .33 

F = -6.00 
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In  order  to  separate  the  main  effects  from  their  aliased  two-factor  inter- 
actions, the  next  block  run  will  be  the  same  as  die  first  but  with  all 
signs  reversed.  The  defining  relationship  for  this  block  will  then  be 
I = -AID  = -ACE  = -BCF  = BCDE  = ACDF  = ABDF  •=  -DEF.  The  block  consist 
of  the  following  treatment  combinations  and  their  observed  respono- 
abc  (69'),  bcde  (56),  acdf  (67),  cef  (10),  abet  (69),  bdf  (56,  ade 
and  (l)(24).  Sequential  calculations  result  in  the  following: 

y = 856/16  = 5J.5 

Sf*  - 502.4  (23) 

= 2.695  , Big  = -2  .695  u-  » 

rl6(Sfe)  = 848/502.4  = 1.69  (25) 

Since  Blf,  < r16(Sls)  < AjS  , the  decision  is  made  to  continue  sampling. 
Before  the  next  block  is  run,  however,  an  analysis  of  the  results 
obtained  so  far  is  performed.  The  results  are  shown  in  Table  3. 

Based  on  the  relative  magnitude  of  the  effects,  it  would  appear  that 
factors  A,  B,  and  D were  significant  wtiile  factor?  C,  E,  and  F were  not. 
Since  the  largest  interaction  term  is  due  to  BD  and  CE,  it  is  also 
possible  that  the  BD  interaction  is  significant.  Since  the  decision 
has  already  been  made  to  continue  sampling,  the  next  block  run  will  be 
the  same  as  the  first  block  except  that  all  of  the  signs  in  the  column 
for  factor  B will  be  reversed.  This  will  isolate  factor  B and  ail  of 
its  two  factor  interactions  and  will  provide  a better  estimate  cl 
whether  or  not  the  BD  interaction  is  significant. 

The  third  block  then  consists  of  the  following  treatment  combina- 
tions and  their  observed  responses:  bdef  (67),  abf  (74),  e (10), 
ad  (66),  bed  (67),  abce  (72),  cf  (11),  aedet  (75).  The  sequential 
calculations  result  in  the  following: 


y = 1298/24  - 54.08 

(,26) 

Sf.  = 563.99 

(27) 

Ag.  = 2.35  Bg4  = 2.55 

(28) 

4(S?4)  = 1286/563.99  = 2.28 

(29) 

Since  B~  4 r3  s(Sj4 ) < Ag4,  the  decision  is  made  to  continue  sampling. 

An  analysis  of  the  results  of  the  data  from  the  third  block  indicates 

that  once  again,  lactors  A,  B,  and  D appear  to  be  significant  while 
the  BD  interaction  is  still  in  doubt.  After  cue  second  block,  the 
effect  in  question  was  due  to  the  BD  and  CE  interactions  so  it  is 

possible  that  this  was  duo  co  tne  CE  rather  than  the  BD  interaction. 

Since  the  decision  has  been  made  to  continue  sampling,  the  next  block 
run  will  change  the  signs  in  the  column  tor  factor  c to  isolate  tatter  c 
and  its  two  factor  interactions.  This  block  contains  the  following 
treatment  combinations  and  observed  lesponses:  edef  (48),  act  i4l), 
bee  (30),  abed  (95),  d (57),  ao  (46),  bf  (_>1),  and  abdef  (8b).  Hu 
sequential  calculations  result  in  the  following. 
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y = 1732/32  = 54.125  (30) 

Si2  = 550.31  (31) 

Agg  = 2.48  , Bgg  = -2.48  (32) 

r3S(S|2)  = 1716/550.31  = 3.12  (33) 


Since  r.;,  ) AjS  , the  decision  is  made  to  stop  sampling  and  accept 

+ fi J = 50  + a.  This  means  that  the  ALR  has  performed  better 
to  date  ?haa  the  current  system.  The  analysis  of  the  data  from  the 
fourth  block  indicates  that  once  again  factors  A,  B,  and  1)  appear  to  be 
significant  while  the  CE  interaction  does  not.  Since  the  decision  has 
been  made  to  stop  sampling,  the  recommendation  made  at  this  point  would 
be  to  perform  OT  II  using  only  the  factors  for  ECM , rate  of  fire,  and 
sector.  The  other  factors  would  be  set  at  some  acceptable  standard 
level  and  left  there. 


CONCLUSION 

This  research  accomplished  three  objectives: 

A.  An  approach  to  systematically  building  a factorial  experiment  through 
the  use  of  screening  experiments  was  demonstrated.  This  allows  the 
experimenter  to  obtain  as  much  information  as  possible  from  a fixed  set 
of  resources. 

B.  A method  of  sequentially  analyzing  the  data  from  a fractionated 
factorial  experiment  was  demonstrated.  This  allows  the  experimenter  to 
obtain  a fixed  amount  of  information  from  a reduced  set  of  resources. 

C.  The  proposed  methodology  combined  the  above  two  methods  to  system- 
atically build  a factorial  experiment  while  conducting  a sequential 
analysis  of  the  data  at  the  end  of  each  block  of  the  factorial  experi- 
ment. This  allows  the  experimenter  to  gain  the  maximum  amount  of  in- 
formation from  a minimum  amount  of  resources. 

Although  the  proposed  approach  was  only  demonstrated  against  the 
data  from  one  operational  test,  it  resulted  in  a substantial  reduction 
in  the  number  of  experimental  trials  required  to  obtain  the  same  amount 
of  information.  Where  the  classical  methods  currently  employed  would 
require  that  the  full  64  experimental  trials  be  performed,  the  proposed 
approach  required  only  32  observations  to  reach  the  same  conclusions. 
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ABSTRACT:  In  planning  a target  detection  experiment,  information  was 
drawn  from  a previously  conducted  experiment  of  a similar  nature.  This 
information  took  the  form  of  a reanalysis  which  revealed  the  following. 
The  probability  of  detection  in  the  time  interval  (t,  t + At),  given  non^ 
detection  in  (o,  t),  is  not  constant,  or,  put  simply,  the  present  is  not 
independent  of  the  past.  Additionally,  regression  analysis  can  provide 
adequate  predictions  of  detection  times  through  target  scene  variables. 
These  results  are  used  as  input  in  proposed  experiment. 
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Aspects  of  Designing  a Target  Detest 
Dr.  William  S.  Mallios 
BDM  services  Company 


1.  Summary . Objectives  oi  the  Army  Small  Arms  Requirement  Study  No.  2 
(ASARE  II)  were  to  obtain  data  to  assist  in  defining  the  principal  deter- 
minant variables  in  the  detection  of  human  targets  in  tactical  environ- 
ments and  to  obtain  data  to  assist  in  confirming  the  probability  distribu- 
tion of  detection  times.  Due  to  similarities  between  these  objectives  and 
those  of  the  previously  conducted  CDEC  Experiment  31.1,  data  from  31.1  were 
reanalyzed.  Results  of  this  analysis  were  (l)  that  the  probability  distri- 
bution of  detection  times,  conditional  on  principal  determinant  variables, 
is  appropriately  given  by  the  log  normal  as  opposed  to  the  Weibull  distri- 
bution; (2)  that  within  the  time  frame  of  detection,  the  present  is  not 
independent  of  the  past;  and  (j)  that  the  expected  detection  time  can  be 
adequately  predicted  in  terms  of  principal  determinant  variables  (specifi- 
cally, contrast,  range,  and  scene  complexity)  through  regression  analysis. 
These  results  formed  an  input  to  the  design  of  ASARS  II  and  provided  an 
alternative  modeling  approach  for  predicting  detection  times  conditional 

on  principal  determinant  variables. 

2.  Probability  Distributions  for  Detection  Times.  In  document  (1),  the 
probability  distribution  of  detection  times  is  derived  under  the  assumption 
that  the  probability  of  detection  in  the  time  interval  (t,  t + At)  is  inde- 
pendent of  the  detection  probability  in  the  interval  (o,  t).  This  assump- 
tion sacrifices  realism  for  the  mathematical  simplicity  of  the  exponential 
density.  Competing  densities  which  offer  more  realism  (and  involve  slightly 
more  mathematical  complexity)  are  the  Weibull  and  log  normal  densities. 

With  the  understanding  that  t is  an  observed  detection  time  for  the  Weibull 
and  the  logarithm  of  an  observed  defection  time  for  the  log  norma},  we  have 

Normal  density:  fN  (t)  = f(t:  p ,o2 ) = (211a2  jexp  -(t  - p)2/2o2| 

Weibull  density:  f y(t)  = f(t;  a,8,y)  = 6(t  - y)B  exp  I -(t  - y)®/al  , 

where  (p,  o2)  and 

| Y + a1/B  r(l  + 1/6) , a"76  j r(l  + 2/B)  - r2(l  +1/0)J| 

are,  respectively,  the  first  two  moments  of  the  normal  and  Weibull  distri- 
butions. Shapes  of  these  distributions  are  shown  in  Figure  1 where  it  is 
noted  that  the  Weibull  reduces  to  the  exponential  density  for  B = 1.  De- 
tection rate  is  given  by 

A(t,  t + At)  =/£+dtf(t)dt//~  f (t )dt  , 

the  probability  of  detection  in  (t,  t + At),  given  non-detection  in  (o,  t). 
For  the  normal  distribution  A(t,  t + At)  cannot  be  simply  expressed,  while 
for  the  Weibull 

Aw(t,  t ♦ At)  ■ 1 - exp  I ^ 
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Detection  rates  for  each  density  a re  depicted  in  Figure  1.  For  both 
the  log  normal  and  Weibull  (8>l),  the  detection  rate  increases  with  time. 
The  Weibull  detection  rate  for  8 < 1 describes  those  tactical  situations 
where  the  detection  probability  in  (t,  t + At)  tends  to  decrease  given 
that  detection  has  not  occurred  earlier.  Only  for  the  exponential  is  the 
failure  rate  constant,  i.e.,  the  probability  of  detection  in  (t,  t + At) 
is  independent  of  nondetection  in  (o,  t),  or,  put  simply,  the  present  is 
independent  of  the  past. 

It  is,  of  course,  possible  to  pick  and  choose  trials  which  support 
the  exponential  density,  especially  those  trials  for  which  detection 
occurs  quickly  for  nearly  all  players.  However,  for  trials  in  Experiment 
31.1,  the  exponential  density  was  clearly  rejected.  In  document  (2), 
detection  time  data  from  33  trials  (with  12  to  30  players  per  trial)  were 
fitted  to  both  the  log  normal  and  Weibull  distributions.  In  each  trial, 
the  fit  of  the  log  normal  was  good  to  excellent.  Conversely,  the  major- 
ity of  the  trials  were  poorly  fitted  by  the  Weibull  density;  and  a rejec- 
tion of  the  Weibull  implies  a rejection  of  the  exponential. 

3.  The  Fitting  of  Distributions  for  Censored  and  Uncensored  Samples.  In 
Experiment  31.1,  the  trial  was  terminated  for  each  observer  at  10  minutes 
if  he  had  not  detected  before  this  'time.  This  resulted  in  censored  sam- 
ples. If  the  conditional  distribution  of  detection  times  is  log  normal, 
then  the  problem  is  one  of  estimating  parameters  of  a censored  log  normal 
distribution. 

» 

In  the  case  of  uncensored  samples,  the  fitting  of  the  normal  density 
is  well  known.  Consistent  Weibull  estimates  can  be  obtained  through  Kao's 
procedure  (3);  i.e.,  with  a sample  of  size  n ordered  according  to  ti <tp< » • • 


a r-1 

6 = (n  - 2 )/l  (r-i)  Wj  log[(r/  r - i] ) 

i=2 

a = (n  - 2)-1  l 8[log(r/[r  - i])]1"^"1(r  - i)  WA 
i=2 

where  Wj^  = logU^  - tq)  - log(tj_i  - tj_)  and  (a,  6,  y)  estimate  (a,  8,  y). 

In  the  case  of  censoring  under  the  normal  density,  Cohen’s  (U)  proce- 
dure is  utilized  as  follows.  The  log  likelihood  is 

log  L = constant  + (N  - n)  log  [l  - l(OJ  - n log  o 
n 

-l  (tj  - u)/2o2 
i=l 

where  (p,  o2)  are  the  first  two  moments  of  the  normal  distribution,  n obser- 
vations out  of  N are  greater  than  t0,  £ = (tQ  - p)/o,  and 
.00 

1(0  = j $(u)du,  4>(u)  = (2R)  exp  (-u2/2). 
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Hppxyxug  uiajk.xuium  xineiinooQ  estimation  and  taking  partials  of  log  L with 
respect  to  y and  o leads  to  the  following  equations: 

i = (a2  - V2)/V1d 

y = tQ  - (o2  - 

m . 

where  Vr  = Z (t^  - t0)r'm,  and  (t,  y,  o)  denotes  the  estimate  of  (£,  y,  o). 
i=l 

l*.  Regression  Analysis  in  the  Prediction  of  Detection  Times.  It  is  stated 
in  document  (1)  that  through  regression  analysis,  the  variability  in  detec- 
tion times  was  not  adequately  explained  through  target  scene  variables  in 
Experiment  31.1.  How  those  authors  arrived  at  such  a conclusion  is  left 
to  the  imagination  since  regression  analysis  does  indeed  explain  target  de- 
tection times  in  Experiment  31.1.  Our  finding  allows  for  considerably  more 
flexibility  and  power  in  design  and  prediction  since  one  can  utilize  condi- 
tional distributions  (conditional  on  predictors  in  the  regression  equation) 
rather  than  having  to  resort  to  marginal  distributions  (see  (2)). 

In  the  regression  system,  the  dependent  variables  are  expected  detec- 
tion time  for  any  given  trial  and  percentage  of  players  detecting  for  any 
given  trial.  On  a per  trial  basis  these  variables  are  estimated  by 

nJ  nJ 

YiJ  = 1 lQ8  Yij/nJ  " 1 tiJ/nJ » Y2j  = nJ/Nj 
i=l  i=l 

where  T = Number  of  trials,  Y^.  <_  10  minutes  is  the  detection  time  for  the 
i-th  observer  (player)  in  the  j-th  trial,  10  minutes  is  the  truncation 
point,  and  nj  is  the  number  of  players  out  of  N<  detecting  on  the  j-th 
trial.  The  response  Yjj  is  transformed  to  log  under  the  assumption  of 
a log  normal  distribution  of  detection  times  conditional  on  principal  de- 
terminant variables.  The  response  Ypj  is  to  be  predicted  so  as  to  allow 
for  the  conditional  prediction  of  log  normal  parameters  in  the  presence 
of  censoring. 

The  nine  different  targets  in  31.1,  covering  combinations  of  men  and 
vehicles  (both  moving  and  stationary),  are  quantified  in  terms  of  the  five 
independent  variables  Cl,  Aq,  EA0,  W,  and  D,  as  follows: 


Target 

Class(CT.) 

Aa 

Ma 

W 

D 

A 

U 

.5 

1.5 

12 

.25 

B 

1 

1.0 

9.0 

35 

.26 

C 

3 

15.0 

20.0 

20 

.07 

D 

3 

10.0 

30.0 

20 

.15 

E 

2 

1.0 

8.0 

20 

.1*0 

F 

2 

1.0 

20.0 

150 

.13 

G 

1 

15.0 

30.0 

20 

.10 

H 

1 

15.0 

30.0 

20 

.10 

I 

1 

5.0 

10.0 

10 

.20 
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where  Ac  * Area  of  individual  elements  in  square  meters  (see  (5)),  IAC  = 

Sum  of  area  of  individual  elements,  W = Width  encompassed  by  target  in 
meters,  and  D = EA0/WA0  = Approximate  density  of  target  type.  The  values 
of  1 through  1*  given  to  the  variable  Cp,  is  an  attempt  to  distinguish , 
approximately,  between  different  speeds  and  sounds  of  ttie  target  types  in 
terms  of  one  variable.  For  example,  target  type  E is  a squad  of  eight 
men  moving  toward  the  observers  in  a modified  column.  Each  of  the  men  is 
about  one  square  meter  in  area  (A0  = l);  tnere  are  8 men  (IA0  =8),  and 
space  spanned  by  these  men  is  20  meters.  Thus,  an  approximate  measure 
of  the  density  of  this  target  type  is  D = IA0/WA0  = .1*0.  In  addition  to 
Cp,  Aq,  £A0,  W,  and  D,  other  independent  variables  are: 

P =0  when  the  players  are  artillery  observers, 

* 1 when  the  players  are  mortar  observers, 

R - Target  range  in  Kilometers, 

Bj;  is  the  luminance  of  the  horizon  sky  Just  above  the  target-obser- 
ver line, 

Bs  is  a photometric  measure  of  scene  brightness  for  each  target 
presentation, 

C0  = .20  when  target  scene  has  a tree  background, 

= .40  when  target  scene  lias  a grass  background, 

= .30  when  target  scene  has  a tree  and  grass  background, 

= .50  for  each  target  on  hilltop  with  grass  backdrop, 

- .30  for  target  on  hilltop  with  tree  backdrop. 

The  above  values  of  0o  were  given  by  Richardson  (5)  where  Co  is  intended 
to  approximate 

■ , , . . . \ , (target  luminance  at  range  R - o) 

^inherent  contrast)  = 1 - , ~ ■ ~ , ■, : “ — r 

(.background  luminance  at  range  R = o) 

which  was  measured  unsuccessfully  during  31.1  experimentation. 

Apparent  contrast  is  then  approximated  by 

Cr  = |l  ♦ (Bn/Bs)(exp| -8rJ-1)|c0  = FC0 

where  6,  the  atmospheric  attenuation  coefficient,  is  taken  as  .02. 

Setting  Yp  = f(CL,  Ac,  1A0,  W,  D,  P,  R,  Bn/Bs  Cr,  F,  C0),  and  expand- 
ing f in  a Taylor  series  to  include  all  first  order  and  selected  higher 
order  terms,  we  then  scan  all  these  predictors  through  stepwise  least 
squares  estimation  (6),  the  results  of  which  are  given  in  Table  1.  In  pre- 
dicting Yi,  C0^  is  the  most  dominant  variable,  in  fie  sense  that  Cc*-  account 
for  1*7.36%  of  the  variability  in  tne  Yqj.  The  variable  CqDR  is  the  second 
most  dominant  variable  in  that,  together,  Co*-  and  0oDK  account  for  o0.sU% 
of  the  variability  in  the  Y^j . The  reason  0o<?  is  removed  in  step  9 is 
that,  by  that  step,  the  effect  of  Co  has  been  spread  over  a number  of  var- 
iables, namely  those  appearing  in  steps  2,  3,  and  7* 

The  results  in  Table  2 clearly  show  that  the  expected  detection  time 
can  be  reliably  predicted  in  terms  of  R,  CQ,  Bn/Bs  and  supporting  variables 
within  the  realm  of  the  data.  For  extrapolations,  further  experimentation 
is  necessary  to  extend  the  response  surface  which,  of  course,  is  the  pur- 
pose of  A9ARS  II.  The  prediction  equation  for  Y,  plus  analysis  results  for 
Y2  are  given  in  (2). 
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Independent  Variable 
Entered Removed 


CLBh/B£ 

FA0 

D 

C„. 


BAoBjj/B  £ 

A0Bn/BA 

Cr^0 


Proportional  Reduction 
in  Variability  for 
Lop  Detection  Time 

.*<736 

.6054 

.6485 

.6827 

.6975 

.7258 

.7383 

• 75*<9 
.7549 
.7606 
.7743 

• 7790 
.7845 
.7957 


Table  1.  Results?  of  stepwise  least  squares  estimation:  an  order- 
ing of  those  independent  variables  found  most  dominant 
in  reducing  proportional  variability  in  the  Ypj . 

5.  Application  of  31.1  Analysis  to  ASARS  II.  Results  of  the  31.1  reanaly- 
sis which  will  likely  carry  over  to  ASARS  II  are  that  detection  times  are 
log  normally  distributed,  that  detection  times  can  be  adequately  predicted 
through  principal  dominant  variables  in  terms  of  regression  analysis,  that 
principal  determinant  variables  are  range,  inherent  and  apparent  contrast, 
and  target  characteristics,  and  that  inherent  contrast  can  be  adequately 
approximated  through  measures  of  scene  complexity  if  attempts  to  measure 
inherent  contrast  are  not  successful. 

All  of  the  prediction  variables  are  easily  controlled  except  for  ap- 
parent and  inherent  contrast.  If  necessary,  however,  scene  complexity 
measure  can  adquately  replace  inherent  contrast  (at  least  regarding  pre- 
diction) and  can  be  controlled.  Since  attempts  at  controlling  uncontrol- 
led variables  might  result  in  tne  experimental  technique  affecting  the 
outcome  of  the  experiment,  B^/Bg  and  actual  measures  of  contrast  are  left 
as  variables  to  be  measured  in  each  trial.  However,  a sufficient  number 

of  trials  are  planned  for  each  treatment  combination  to  allow  for  a rather 

broad  spectrum  of  B^/Be  and  contrast  values  within  treatment  combinations. 
This  allowance  is  made  possible  by  naving  established  the  applicability 
of  regression  analysis.  For,  the  fact  that  a response  surface  will  ade- 
quately fit  the  resulting  data  means  that  the  effect  of  B^/Bg  can  be  esti- 
mated even  if  a broad  spectrum  of  these  values  does  not  occur  for  each 

treatment  combination.  Moreover,  if  it  is  possible  to  successfully  mea- 
sure inherent  contrast,  these  values  can  be  compared  with  the  approximate 
measures  of  inherent  contrast , so  as  to  establish  which  has  a greater  pre- 
dictive influence  on  detection  time. 

6.  Estimating  Parameters  of  the  Conditional  Log  Normal  Distribution^. 

Through  Regression^  The  prediction  fox"  Yq  is  written  as  Yp  = C0  + El^CpYi , 
where  the  C's  are  estimated  coefficients  and  the  Yi  are  independent 
variables.  Conditional  on  ^ = (yi*>‘*‘»  Yp*V»  7p  is  predicted  by 
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Y|*.  If  interest  is  on  the  average  of  the  log  detection  times  of  Nj  obser- 
vers for  a single  trial,  then  variance  = (l  ♦ '(x'x)_ix^°2 1 

where  X is  the  T x p matrix  of  values  of  the  y^  used  in  determining  the 
C ’ a , and  o-  is  the  estimated  variability  about  the  regression  surface;  see 
(7).  The  prediction  Yj*  thus  estimates  the  expectation  of  the  conditional 
log  normal  density  (assuming  no  censoring)  while  N1  var  Y^*  estimates  the 
variance  on  a per  observer  basis.  When  censoring  is  imposed,  the  predic- 
tion model  for  Yp  must  be  utilized  along  with  the  formulas  in  Section  3; 
see  (2). 
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ABSTRACT:  The  Armv  of  1080's  will  have  a shortened  materiel  acquisi- 
tion cycle  for  weapon  systems  which  will  he  more  costly,  sophisticated, 
and  unique  than  current  weapon  systems.  Testing,  in  particular,  opera- 
tional testing,  will  become  an  increasingly  expensive  proposition  be- 
cause of  the  necessity  to  provide  more  answers  in  a shorter  timeframe 
with  svstems  whose  testing  becomes  increasinglv  difficult.  However, 
decision  makers  will  still  require  sufficient  information  about  system 
capabilities  and  constraints  in  order  to  make  sound  procurement  deci- 
sions . 

One  of  the  critical  issues  for  the  testing  community  is  the  avail- 
ability of  a baseline  against  which  each  system  will  be  tested.  Bv  base 
line,  we  mean  the  standard  of  comparison.  Baselines  generally  are: 

criteria  - which  are  set  by  the  user  and  represent  the  minimum 
acceptable  values  of  a system's  performance  parameters 
current  production  systems  - which  provide  a means  of  physical 
comparison 

models  - which  provide  a comparison  between  forecasted  capa- 
bilities and  observed  capabilities 

In  the  IDSO's,  test  and  evaluation  of  unique  and  new  systems  in  the 
materiel  acquisition  process  will  utilize  models  less  applicable  than 
those  today,  and  current  systems  less  equivalent  in  operational  capa- 
bility. A solution  for  future  testing  is  criteria;  quantifiable,  real- 
istic and  testable  criteria  which  relate  directly  to  the  decision  at  the 
level  where  the  decision  is  required. 

This  paper  addresses  the  impact  of  criteria  on  operational  testing. 
Several  aspects  of  criteria  are  examined  in  terms  of  test  design,  execu- 
tion, and  evaluation. 
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BA:  VI  INt  S WHERE  NO  BASELINE  EXISTS 


' . DAVID  T.  SPPRWAY 

CVT  CARY  S.  WILLIAMS 

PS  ARMY'  OPERATIONAL  TEST  AND  FV  AH' ATI  ON  AGENCY 

In  recent  vears,  the  procurement  of  military  systems  has  become 
progressively  more  expensive.  Rapidly  advancing  technology,  inflation, 
and  the  world  political  situation  will  force  this  trend  to  continue  in 
the  future.  The  Department  of  the  Army  has  taken  a number  of  steps  to 
reduce  the  problems  of  maintaining  a viable  military  capability  within 
political  and  budgetary  constraints.  While  actions  such  as  manpower 
reductions  are  highly  publicized,  other  less  publicized  actions  such  as 
the  elimination,  in  most  cases,  of  the  final  deployment  operational 
test,  OT  III  (in  favor  of  follow  on  evaluations  and  operational  climatic 
tests,  as  required)  have  significant  impact  on  the  material  acquisition 
process.  Systems  which  are  more  costlv,  more  sophisticated,  and  more 
unique  than  current  systems  are  being  forced  into  a snortened  acquisi- 
tion cycle.  This  shortening  means  that  operational  testing  must  provide 
more  answers  in  a shorter  period  of  time  with  systems  whose  testing 
becomes  increasingly  difficult.  However,  decision  makers  will  still 
require  sutficient  information  about  system  capabilities  and  constraints 
to  make  procurement  decisions. 

One  of  the  critical  issues  in  the  development  of  this  information 
by  the  testing  community  is  the  availability  of  a baseline  to  use  as  a 
standard  of  comparison.  Typical  baselines  are: 

• Predetermined  values  which  are  set  bv  the  user  to  represent  the 
minimum  acceptable  values  of  a system's  performance  parameters. 

• Current  production  systems  which  permit  a physical  comparison. 

• Models  which  provide  a comparison  between  forecasted  capabilities 
and  observed  capabilities  by  representing  the  tested  system  in  its 
operational  environment  with  mathematics  and/or  a slice  of  the  real 
world. 


The  current  major  and  selected  category  1 nonmajor  systems  assigned 
to  the  Army's  Operational  Test  and  Evaluation  Agencv  (PTFA)  for  testing 
show  that  baseline  problems  already  exist  (see  Table  1).  Of  A?  systems, 
over  one  third  are  either  unique  with  no  comparable  system  in  the 
inventory  or  represent  sue!)  a marked  advancement  over  current  systems 
that  a comparison  is  untenable.  Lower  unique  systems  are  found  among 
lower  cost  procurement  programs. 


TABLE  1.  SYSTEM  UNIQUENESS 


Type  system 

Total  number 
of  systems 

Unique 

% of  total 

Major  and 
Category  1 

37 

14 

37.8 

Category  2 

61 

11 

18.0 

Category  3 

57 

7 

12.3 

Categoiy  4 

327 

25 

7.6 

Total 

482 

57 

11.8 

The  "Big  rive"  (i.e.,  XM]  tank.  Black  Hawk  helicopter,  advanced 
attack  helicopter,  intantry  fighting  vehicle,  and  PATRIOT  anti-aircraft 
missile)  have  baseline  problems  in  testing  for  system  performance,  human 
factors,  and  reliability,  availability,  and  maintainability  (RAM) /logis- 
tics. Each  represents  unique  improvements  wnen  compared  to  current 
system  capabilities  and/or  substantial  changes  in  doctrine. 

Obvious  questions  are  "Where  does  unique  begin?"  and  "When  is  an 
existing  system  no  longer  a realistic  baseline?"  Answers  to  these 
questions  are  neither  obvious  nor  readily  determined. 

The  basic  impact  on  testing  with  a baseline  is  in  terms  of  adequacy, 
quality,  and  credibility.  The  use  of  baselines  is  directly  related  to 
the  development  of  test  criteria.  These  criteria  are  an  expression  of 
the  operational  level  of  performance  required  of  a system  to  demonstrate 
operational  effectiveness  for  a given  function  during  each  operational 
test.  A criterion  is  generally  comprised  of  the  following  elements: 

o The  function  addressed  - a system  capability  such  as  hitting 
performance . 

o The  basis  for  comparison  - a new  system  versus  replaced  system, 
the  unit  with  the  new  system  versus  a unit  without  die  nei.  system,  or  a 
new  system  versus  a pi edetermined  standard. 

o The  performance  required  - test  results  required  such  as  a 
probability  of  hit  of  0.95. 

o The  conditions  associated  with  the  test  criteria  - conditions 
such  as  day  and  night. 


• The  confidence  level  - the  degree  of  risk  acceptable  to  a decision 
maker  as  related  to  the  performance  required  such  as  a .95  probability  of 
hit  at  the  90%  confidence  level. 

The  impact  of  criteria  is  felt  throughout  the  operational  testing  process. 
Test  planning,  execution,  and  evaluation  cannot  be  effectively  conducted 
without  adequate  criteria  which  define  the  users'  requirements. 

The  user  and  the  tester  cooperatively  develop  criteria  statements; 
however,  the  user  must  fill  in  the  blanks  with  standards  of  performance 
and  confidence  levels.  These  criteria  may  be  developed  by  comparing  the 
new  system  with  old  (but  similar)  systems,  enemy  capabilities,  user  re- 
quirements, and  expert  judgement. 

Good  test  design,  execution,  and  evaluation  is  particularly  depen- 
dent on  criteria  for  the  development  of  performance,  human  factors,  and 
RAM/logistics  parameters.  System  performance  is  generally  the  easiest 
to  address.  Nevertheless,  some  systems  such  as  command,  control,  and 
communications  (C3)  systems  and  electronic  warfare  (EW)  systems  do  not 
have  easily  defined  relevant  measures  of  performance  nor  do  they  pre- 
sently have  sufficient  criteria.  Many  C3  systems  and  EW  systems  (cur- 
rently of  particular  interest)  are  often  one  of  a kind  with  no  com- 
parable deployed  systems. 

System  performance  generally  involves  response  variables  which  are 
historically  standard  and  established  by  system  type.  Figure  1 provides 
an  example. 


ANTITANK  WEAPON 


error  (CEP)  detected  identi-  engaged  target 

fled 


Figure  1.  System  performance 
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Similar  breakdowns  are  available  or  can  be  easily  constructed  for  most 
jystems.  While  the  means  of  system  performance  may  be  unique,  the 
neasures  by  which  they  are  evaluated  are  usually  not  unique.  For 
example,  the  Copperhead  (Cannon  Launched  Guided  Projectile)  system  in- 
cludes the  first  "smart"  artillery  round  which  functions  similar  to  the 
"smart"  bombs  used  successfully  by  the  Air  Force  in  Vietnam.  The  round 
has  a terminal  guidance  system  which  homes  in  on  a laser  illuminated 
point  target  such  as  an  enemy  tank.  The  Copperhead  has  the  unique 
capability  of  neutralizing  point  targets  at  distances  where  previously 
artillery  could  only  employ  area  fire.  In  Operational  Test  II,  hitting 
performance  will  be  evaluated  with  both  area  fire  measures  of  effective- 
ness and  those  measures  associated  with  flat  trajectory  weapons.  Hence, 
the  common  measures  for  point  target  engagements  will  be  used  in  assessing 
the  unique  "point  target"  capability  of  the  Copperhead . 

Operational  tests  are  also  strongly  influenced  by  the  conditions 
over  which  a system  is  to  be  tested,  the  amount  of  variability  allowed, 
and  the  number  of  new  systems  available  for  test.  Sometimes  forgotten, 
however,  are  the  human  factors. 

Typicality  of  the  player  personnel  employed  during  the  test  and 
training  problems  invariably  raise  their  ugly  heads.  Typicality  of 
soldiers,  as  a problem,  is  still  a matter  of  the  user  and  tester  Jointly 
defining  typicality  and  the  player  selection  process. 

The  relative  level  of  training  attained  by  players  in  operational 
tests  is  also  a problem  from  the  point  of  view  of  establishing  a set 
of  pertinent  criteria.  The  type  of  baseline  is  of  particular  importance. 
Fewer  problems  arise  in  the  comparison  of  a candidate  system  with  the 
current  production  system  than  in  a comparison  using  predetermined 
values  as  models.  While  some  controversy  mav  be  apparent  in  the  use  of 
a crossover  (i.e.,  training  and  using  all  test  personnel  on  both  systems 
rather  than  dedicated  crews  on  each  system)  design  in  training  and 
testing,  .such  a design  permits  efficient  use  of  limited  personnel  re- 
sources, avoids  problems  associated  with  randomization  of  matching  pro- 
cedures, allows  for  meaningful  crew  position  cross  system  comparisons, 
and  provides  enhanced  user  preference  data. 

If  a candidate  system  has  no  comparable  deployed  system,  human 
factors  revert  to  basic  components,  skills,  and  capabilities.  Fven 
unique  systems  generally  have  subsystems  and/or  components  which  are 
not  unique.  For  example,  a new  C3  system  which  is  unique  overall  may 
have  a terminal  or  a man-machine  interface  of  standard  design.  The 
testing  of  a svstem  in  its  totality  sometimes  is  necessary  for  complete 
assessment  of  its  utility  and  to  gain  a feeling  of  subjective  confi- 
dence; however,  resources,  security,  or  just  common  sense  may  dictate 
otherwise. 


RAM/ logist ical  problems  during  test  planning  revolve  around  equal  ing 
the  system's  operational  mode  summary  and  mission  proflle(s)  to  KAM/ 
logistics  measures.  As  with  system  performance  in  general,  the  question 
is  "What  is  the  standard  required/what  criteria  should  applv?  UAM  me  i 
such  as  mean  time  between  failure,  mean  time  to  repair,  system  re! 
and  operational  availability  are  in  common  use  and  are  easily  state 
While  RAM  is  an  integral  part  of  logistics,  logistics  measures,  in 
general,  are  not  as  well -developed  for  operational  testing.  The  lev 
the  logistics  support  concept  (a  responsibility  ot  the  PS  Army  Train! 
and  Doctrines  Command  In  conjunction  with  the  US  Army  Development  and 
Readiness  Command).  The  question  usually  is,  "Is  the  logistics  support 
adequate?"  This  is  too  general.  Logistics  support  should  bo  subdivl-', 
into: 

• Logistics  concept. 

• Logistics  support  materiel. 

• Logistics  support  personnel. 

• Unrdware/system  characteristics. 

Criteria  associated  with  the  abovemen t ioned  areas  remain  pi'marili 
subject tve  in  nature,  but  a substantial  relationship  between  KAM  and 
logistics  should  be  considered  in  each  logistics  evaluation,  ('rttoiia 
will  also  vary  with  changes  in  the  size  of  the  slice  of  the  force  being 
portraved  and  test  length.  This  includes  the  actual  number  ot  units, 
t lie  level  or  portrayal,  and  the  degree  of  detail. 

RAM  criteria,  in  particular  the  minimum  acceptable  value  (MAY)  f.n 
mean  time  between  failures  (MTBF) , frequently  dictati  the  length  ol  test 
requirt  i for  a valid  assessment.  The  process  of  sizing  a test  and  de- 
veloping a plan  of  analysis  is  directly  related  to  the  type  of  baseline 
and  the  measure  of  performance. 

Product  improvements,  from  the  sizing  viewpoint,  have  considerable 
advantages  in  resource  needs.  Here,  ii  mav  be  possil it  t o use  t pairou 
comparison.  While  the  relationships  shown  in  1'gure  are  Hv  no  means 
original,  the  relative  change  in  sample  size  may  not  he  as  apparent. 

Note  that  the  difference  between  paired  and  unpaired  as  shown  in  fable  ' 
is  an  order  of  magnitude.  Single-sided  tests  require  approximately  ’if’ 
tower  units  than  double— sided  tests.  The  single- sided  versus  double- 
sided  comparison  is  of  particular  importance.  A side-by-side  test  of 
t iv’o  candidates  forces  a double-sided  test  , while  a product  improvement 
of  low  risk  could  perhaps  be  conducted  single  sided. 
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A new  system  with  no  physical  baseline  system  is  the  worst  case  j-  a 

situation.  Here,  the  test  criteria  are  predetermined  performance  values 

which  may  be  related  to:  ] 

• Performance  of  a military  unit  with  the  system  versus  the  unit 
without  the  system. 

• Subsystem  performance, 
or  less  preferred 

• The  system  specification.  I 


In  addition  to  the  lesser  degree  of  assurance  in  such  criteria  (as  com- 
pared to  a situation  with  a similar  system  in  the  inventory),  such  sys- 
tems generally  are  available  in  fewer  numbers  for  testing.  Their  per- 
formance often  shows  significant  differences  within  test  units  and  be- 
tween test  units.  Unit  testing  is  probably  desired  over  a wide  variety 
of  conditions.  Available  test  resources  almost  always  seem  inadequate. 
Thus,  the  importance  of  criteria  and  measures  of  effectiveness  is  am- 
plified by  circumstances. 

Attempts  to  reduce  resource  requirements  start  with  deleting  or 
combining  test  conditions.  From  the  requirements  documents  (DCP,  ROC, 

MN,  etc.),  conditions  seem  to  grow  at  a fantastic  rate.  The  critical 
conditions  set  by  the  user  are  required.  All  others,  no  matter  how 
sacred  someone  may  think  them,  are  possible  candidates  for  elimination. 
One  of  the  basic  questions  that  needs  to  be  asked  is  if  meaningful  data 
can  be  collected.  Problems  often  preclude  or  constrain  examination  of 
the  tested  system,  including: 

• Confounding. 

• Inadequate  instrumentation. 

• System  limitations. 

• Test  conditions. 

The  amount  of  error  in  instrumentation  alone  may  exceed  the  criterion 
for  a particular  measure  of  effectiveness. 

The  selection  of  a measure  is  critical.  Miles  per  gallon  is  a 
perfectly  good  measure  for  the  fuel  consumption  of  a land  vehicle,  yet 
it  is  unacceptable  for  an  aircraft.  Pounds  of  fuel  per  hour,  while 
appropriate  for  an  aircraft,  is  ludicrous  for  a tank. 

The  level  of  a measure  as  an  idea  relates  to  the  story  of:  how 
for  the  sake  of  a horseshoe  nail,  a horseshoe,  horse,  courier,  et  cetera, 
a war  was  lost.  Does  one  measure  the  quality  of  performance  of  a horse- 
shoe nail  by  the  number  of  wars  won  and  lost?  The  best  measure  of  a 
horseshoe  nail  is  how  well  it  holds  the  shoe  to  the  horse.  On  the  other 
hand,  one  does  not  measure  the  effectiveness  of  an  Army  in  terms  of  the 
numbers  of  lost  horseshoe  nails.  A company  commander  thinks  in  terms 
of  the  added  firepower  or  accuracy  he  has  available,  while  the  Corps 
Support  Commander  thinks  in  terms  of  tonnages  and  volumes  to  support 
that  capability. 

To  be  properly  addressed,  an  issue  may  need  two  or  more  criteria. 

For  example,  a communications  system  may  require  one  criterion  to  ad- 
dress the  user's  needs  and  one  to  address  the  supporting  unit's  re- 
quirements. 


572 


Testing  is  more  than  a statistical,  experimental  design.  It  is  the 
process  of  relating  testing  requirements  to  resources  during  a specified 
timeframe.  Thus,  during  test  planning  and  preparation,  criteria  pro- 
vide the  foundation  and  framework  for  the  conduct  of  the  test. 

During  the  conduct  of  operational  testing,  criteria  maintain  their 
Importance.  Observance  of  the  relationship  of  actual  system  perfor- 
mance to  a criterion  during  a test  assists  the  test  directorate  in 
identifying  problems  (areas  in  which  test  resources  should  be  closely 
monitored).  The  tester  (while  maintaining  an  adequate  test)  seeks  to 
avoid  unnecessary  costs.  Reduction  in  such  expenditures  are  possible 
when  criteria  are  either  met  or  "failed"  at  a specified  level  of  confi- 
dence. RAM  is  one  area  in  which  criteria  strongly  influences  test 
length.  Occurrence  of  system  failures  in  excess  of  criterion  is  an 
indicator  of  system  performance  and  may  be  a sufficient  reason  for 
termination  of  a test.  However,  the  converse  might  arise.  Limited 
failures  or  misses  in  X number  of  rounds  fired  may  provide  a basis  for 
not  firing  the  total  number  of  rounds  allocated  for  the  test.  A round 
may  be  more  accurate  than  originally  planned,  or  Just  show  less  variance 
in  overall  performance.  The  use  of  criteria  as  a management  tool  may: 

• Save  resources. 

• Permit  a more  equitable  examination  of  a systems  capabilities. 

• Reduce  hazards  to  personnel . 

• Permit  critical  program  decision  early  in  the  acquisition  process. 

Of  course  the  time  to  consider  criteria  for  test  management  is  early 
in  the  advance  stages  of  system  planning  and  development  and  not  just 
prior  to  testing. 

The  question,  "How  does  the  user  establish  criteria?",  is  frequently 
asked.  The  response  is  generally  in  terms  of  a reference  to  current 
publications  such  as  AR  70-1  (Army  Research,  Development,  and  Acquisition) 
or  DA  Pam  70-21  (The  Coordinated  Test  Program).  These  publications 
rarely  deal  with  the  unique  or  unusual  systems  which  create  the  greatest 
need  for  criteria.  A possible  solution  to  the  difficulty  in  developing 
criteria  for  these  systems,  and  in  general  most  systems,  is  an  active 
criteria  development  process.  The  operational  capability  objective  (OCO) 
specifies  particular  needs;  however,  it  does  not  specify  the  criteria  or 
measures  for  assessing  the  ability  of  the  system  to  meet  those  needs. 

The  operational  tester,  three  or  more  years  after  the  OCO,  all  too  often 
finds  that  the  user  is  still  unable  to  further  quantify  his  needs.  This 
deficiency  in  sufficiently  quantifying  the  user's  needs  is  caused  by 
the  relatively  passive  manner  in  which  the  needs  are  monitored  and  re- 
vised during  the  time  between  the  development  of  the  OCO  and  the  develop- 
ment of  the  independent  evaluation  plan.  A continuous  process  of 


ref lnement  and  trade  off  of  user  ne-'ds  should  ecciit  as  r !h*  operational 
factors  (throat,  tactics,  doctrine,  etc)  change,  (’hanging  criteria  once 
they  have  been  established  seems  to  engender  a negative  connotation. 

The  inference  is  that  a proposed  change  in  criteria  is  an  attempt  to 
fit  the  criteria  to  the  product  (system).  While  this  is  possible,  a 
propetly  managed  product  assurance  program,  such  as  that  established  for 
RAM,  would  reduce  the  probability  of  such  an  occurrence.  The  RAM  pro- 
gram requires  an  audit  trail  of  essential  RAM  and  support  parameters. 
Such  a trail  provides  not  only  control  hut  also  an  incentive  to  develop 
better  criteria  errlier  in  the  system  development  process.  The  early 
Identification  of  requirements  is  essential  in  future  testing. 

Ir>  the  1 980*  s , the  test  and  evaluation  of  unique  and  new  systems 
in  the  materiel  acquisition  process  will  use  models  less  applicable  than 
those  in  vogue  today,  and  current  systems  less  equivalent  In  operational 
capability.  We,  therefore,  in  the  testing  community  are  being  pressed 
for  deriving  new  means  for  providing  the  decision  maker  our  findings  on 
the  military  worth  and  utility  of  systems.  A solution  is  criteria  based 
on  prescribed  standards.  The  Armv  community  must  provide  quantifiable, 
realistic,  and  testable  criteria  which  relate  directly  to  the  decision 
at  the  level  where  the  decision  is  reqi'ired. 
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ABSTRACT : 


Proposed  Mechanized  Infantry  Combat  Vehicle  Firing 
lort  Weapon  Target  Engagement  Test  and  Analysis 

Mr.  Eugene  l).  Heiss 


w lh°  Mcc,ianized  Infantry  Combat  Vehicle  (M1CV)  1 n ine  Port 

Weapon  (MW)  will  allow  infantry  squad  members  to  engage  the  enemy 

s;  "r  ar~r  “r  thc  <»  »bim  to  I,:;?* 

,v.rt  n-  n h ! pablJlty*  a tar8et  engagement  test  will  be  conducted  as 
Ut,  ni!  DevelopmentaI  Test  II-  Through  the  use  of  new  instrumentation 
data  obtained  from  this  test  will  be  used  to  estimate  the  hit  capability 
for  t:u-gets  other  than  those  tested.  Using  the  hit  capability  5e  * 
contribution  ot  the  l-PW  to  the  success  of  the  MICV  mission  will  be 
ueterm  ...od . 
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PROPOSED  MECHANIZED  INFANTRY  COMBAT  VEHICLE 
I I K 1 Ne.  PORT  WEAPON  TARCET  ENC.ACEMFNT  TEST  AND  ANA 1 VS I S 

MR.  Eugene  D.  Heiss 

U.S.  Army  Materiel  Systems  Analysis  Activity 


The  Firing  Port  Weapon  of  the  Infantry  Fighting  Vehicle  will  allow 
the  infantry  soldier  within  the  vehicle  to  participate  in  the  battle 
while  he  is  protected  by  the  armor  of  the  vehicle,  (Viewgraph  1). 

The  Firing  Port  Weapon  was  originally  conceived  as  an  inexpensive 
add-on  feature  to  the  Mechanized  Infantry  Combat  Vehicle,  (Viewgraph  2). 
The  Cal  .45  M3  Submachinegun  was  first  considered  for  this  role.  How- 
ever, the  user  required  a weapon  witli  more  penetration  and  lethality  than 
the  Cal  .45  Cartridge  could  provide.  Therefore,  the  MlbAl  Rifle  was 
modified  for  this  role,  (Viewgraph  3).  These  modifications  are:  (View- 
graph  4) . 

As  the  Firing  Port  Weapon  does  not  possess  a sighting  system,  fire 
is  brought  to  bear  on  the  target  through  the  use  of  tracer  ammunition. 

The  target  engagement  test  of  the  Development  Test  11  will  consist  of 
firing  at  three  equally  spaced  "E"  type  silhouette  targets,  (Viewgraph 
5),  located  at  ranges  of  50,  100,  and  200  meters  from  the  vehicle. 

Firings  will  be  conducted  from  both  a stationary  and  a moving  vehicle. 

Each  engagement  will  consist  of  firing  twelve  rounds  (stationary  vehicle-) 
or  thirty  rounds  (moving  vehicle),  in  short  bursts. 

Due  to  the  necessity  of  estimating  the  hit  capability  for  targets 
and  ranges  other  than  those  tested  it  is  necessary  to  obtain  an  estimate 
of  the  system  dispersion.  The  projectile  coordinates  are  used  in  an 
attempt  to  estimate  these  system  dispersions.  The  method  of  engagement 
and  the  large  system  dispersions  anticipated  with  this  weapon  make  it 
necessary  to  consider  other  than  standard  methods  of  obtaining  these 
coordinates.  At  the  time  that  instrumentation  was  being  considered, 
both  the  Cal  .45  M3  Submachinegun  and  the  Modified  MloA2  (XM231)  were 
to  be  tested.  For  weapon  comparison  evaluation  it  was  decided  that  the 
same  instrumentation  would  be  used  to  obtain  the  projectile  coordinates 
for  both  weapons.  The  only  instrumentation  which  would  allow  this  and 
also  have  the  capability  to  obtain  the  projectile  coordinates  of  all  of 
the  rounds  fired  in  a burst  was  a hit  sensitive  panel,  (\ iewgraph  b) . 

Ry  constructing  the  panel  of  overlapping  horizontal  and  vortical 
strips  the  position  of  the  projectile  on  the  panel  will  be  obtained  to 
within  5 cm.  The  following  data  will  be  obtained  from  this  test.  (View- 
graph  7).  These  data  will  be  used  to  obtain  the  following  estimates: 
(Viewgraph  8).  These  estimates  will  be  used  in  the  determination  of  hit 
capability  (Viewgraph  9).  The  probability  of  hit  per  burst  will  be 
determined  using  the  three-distribution  machinegun  mathematical  mode  1 
(Viewgraph  ’0).  The  probability  of  the  first  projectile  of  a burst 
hitting  a taiget  is  determined  by  the  distance  the  center  of  impact  of  the 
first  projectile  is  from  the  target  and  the  dispersion  of  the  first 
projectile. 
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l'he  contribution  of  t he  subsequent  projectiles  to  the  hit  capability 
of  the  burst  is  determined  by  assuming  that  the  subsequent  projectiles 
of  the  burst  are  distributed  separately  from  the  first  projectile  (View- 
graph  11).  The  center  of  impact  of  the  subsequent  projectiles  is  offset 
from  the  first  projectile  by  a value  whose  mean  is  XBO  ( V BO)  and  standard 
deviation  is  SXO  (SYO) . The  subsequent  projectiles  in  a burst  are  distrib 
uted  about  their  center  of  impact  by  the  standard  deviation  SXS  (SYS). 

The  hit  capability  of  the  Firing  Port  Weapon  will  be  used  to 
detei mine  the  capability  of  the  Firing  Port  Weapon  to  fulfill  its  mission 
profile  and  contribute  to  the  performance  capability  of  the  1FV.  Die 
targets  included  within  this  mission  profile  are  an  RPG  team,  trucks, 
bunkers,  and  exposed  personnel  located  from  50  to  300  meters  from  the 
vehicle . 


SYSTEMS 


MIC  V SYSTEMS 


DATA  OBTAINED  FROM  TARGET  ENGAGEMENT  TEST 


PROJECTILE  COORDINATES  IDENTIFIED  BY  ENGAGEMENT 
NUMBERS j BURST  NUMBERS  WITHIN  THE  ENGAGEMENT,  AND 
ROUND  NUMBER -WITH IN  THE  BURST 

TIME  EACH  ROUND  IS  FIRED 

TIME  EACH  ROUND  HIT  THE  TARGET  OR  PANTL 

WHICH  ROUND  IN  THE  ENGAGEMENT  HIT  ONE  OF  THE 
SILHOUETTE  TARGETS,  IF  ANY 
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HSTI RATES  OBTAINED  FROM  TEST  DATA 


MEAN  AND  STANDARD  DEVIATION  OF  THE  FIRST  ROUNDS 
OF  THE  ENGAGEMENT 

STANDARD  DEVIATION  OF  THE  IMPACT  POINTS  OF  THE 
SUBSEQUENT  ROUNDS  OF  A BURST 

MEAN  AND  STANDARD  DEVIATION  OF  THE  DISIANCES  FROM 
THE  FIRS!  PROJECTILE  TO  THE  CENTER  OF  IMPACT  OF  THE 
SUBSEQUENT  PROJECTILES 

MEAN  ATJD  STANDARD  DEVIATION  Oi  THE  TIMES  TO  FIRST 
BURST  AND  TIMES  BETWEEN  BURSTS 


HIT  CAPABILITY  DETERMINATIONS 


PROBABILITY  OF  AT  LEAST  ONE  HIT  ON  ONE  OF  THE 
THREE  SILHOUETTE  TARGETS  AS  A FUNCTION  OF  TIME 

I FOR  THE  FIRST  BURST  OF  AN  ENGAGEMENT 

• FOR  AM  ENGAGEMENT 


PROBABILITY  OF  HIT  AS  A FUNCTION  OF  TIME  FOR  FIRING  AT 
i TWO-MAN  RPG-7  TEAM 
I TRUCK  CAB 
I BUNKER  (APERTURE) 
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MEAN  OF  THE  FIRST  PROJECTILE  -XB1 
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TITLE : 


Use  of  Prime  Numbers  in  a Queuing  Simulation 


AUTHOR:  Michael  E.  Neyer,  U.S.  Army  Tank-Automotive  Materiel 

Readiness  Command 

ABSTRACT  : Even  though  prime  numbera  have  always  intrigued  people, 
they  have  found  little  application  outside  of  abstract  mathematics. 
Recent  developments  have  pointed  out  the  uaefulneaa  of  primes  in 
generating  almost  indecipherable  codes.  Presented  here  are  a few 
more  prime  number  applications. 

For  the  analyst  bothered  by  random  number  generators 
that  take  up  large  amounts  of  computer  core  or  have  fairly  short 
periods,  try  a random  number  generator  that  on  an  IBM  360  uses  only 
1000  bytes  of  storage  and  can  generate  approximately  1000  random 
numbers  per  second  for  13  million  years  before  exhausting  the  period 
of  the  generator. 

For  the  analyst  presented  with  the  problem  of  modeling 
a system  of  ever  increasing  factors  of  ever  decreasing  significance, 
relief  may  be  found  in  using  the  pattern  of  prime  numbers  in  an 
interval  determined  from  the  probability  of  an  occurance  of  a system 
success.  This  could  be  used  to  simulate  kills  in  tank  artillery  and 
anti-tank  rockets. 

For  the  analyst  beset  with  trying  to  find  a random 
number  generator  with  cyclic  undertones,  as  in  modeling  a requisi- 
tioning process,  the  intervals  between  primes  nicely  simulate  such 
a process. 
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TITLE: 


Use  of  Prime  Numbers  in  a Queuing  Simulation 


AUTHOR:  Michael  E.  Neyer,  U.S.  Army  Tank-Automotive  Materiel 

Readiness  Command 

INTRODUCTION:  Even  though  prime  numbers  have  always  intrigu.d  people, 
they  have  found  little  application  outside  of  abstract  mathematics. 
Recent  developments  have  pointed  out  the  usefulness  of  primes  in 
generating  almost  indecipherable  codes.  Presented  here  are  a few 
more  prime  number  applications. 

For  the  analyst  bothered  by  random  number  generators 
that  take  up  large  amounts  of  computer  core  or  have  fairly  short 
periods,  try  a random  number  generator  that  on  an  IBM  360  uses  only 
1000  bytes  of  storage  and  can  generate  approximately  1000  random 
numbers  per  second  for  13  million  years  before  exhausting  the  period 
of  the  generator. 

For  the  analyst  presented  with  the  problem  of  modeling 
a system  of  ever  increasing  factors  of  ever  decreasing  significance, 
relief  may  be  found  in  using  the  pattern  of  prime  numbers  in  an 
interval  determined  from  the  probability  of  an  occurance  of  a system 
success.  This  could  be  used  to  simulate  kills  in  tank  artillery  and 
anti-tank  rockets. 

For  the  analyst  beset  with  trying  to  find  a random 
number  generator  with  cyclic  undertones,  as  in  modeling  a requisi- 
tioning process,  the  intervals  between  primes  nicely  simulate  such 
a process. 
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THE  13  MILLION  YEAR  RANDOM  NIIMRER  GENERATOR 


A random  number  generator  of  extremely  long  period  can  be  constructed  In 
the  following  manner: 

Define:  * ith  series 

= period  of  Si 
s;  (n)  = Si  (n  modulo  C^) 

If  S^(n)  - 1 f (nxk)  Modulo  C.. 

where  C..  and  k are  relatively  prime 


then  S}  (n  + 1)  = (n)). 


The  random  number  generator  R is  defined  as: 

R (1)  -f.S1(l> 

R (nl  (n) 

R has  the  following  properties: 

Cr  = LCM  (Ci)  or  IIC.  when  all  are  relatively  prime 

y = E . 
r yi 


If  the  number  of  series  added  together  is  greater  than  ten  then  the  dis- 
tribution of  R approaches  normal. 

The  distribution  of  R modulo  C.  is  a uniform  distribution,  for  any  C. 
or  factor  of  C^.  1 

The  13  million  year  generator  uses  the  following  periods: 

100,  47,  43,  41,  37,  31,  29,  23,  19,  17,  13,  11,  7,  3 
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Cr  « 4.7  x 101* 


217.5 


If  you  desire  a shorter  period,  use  fewer  series  In  the  sum.  However, 
this  process  Is  useful  In  that  now  you  can  generate  a random  number  evenly 
distributed  over  any  period  T by  making  a C|  * T.  For  a small  o*,  use 

equal  to  a prime  number,  and  for  a larger  o*,  use  equal  to  a product 

of  primes.  In  either  case,  the  period  would  remain  the  same;  but  the 
second  generator  would  require  more  storage. 


THE  PRIMES  THEMSELVES 


At  this  point  It  becomes  necessary  to  define  new  terms  In  order  to  faci- 
litate formulation  of  the  distribution  of  primes. 

Q ■ the  set  of  all  prime  numbers  ordered  such  that  Q.  < Q1+1. 

Read  c as  "Is  an  ele.nent  of." 

The  probability  P that  a number  is  prime  Is: 

d 

P(ne  Q)  « II  (1  - - ) where  d is  constrained  by  < n < Q*  + 1 
< = i a a 

The  interval  B between  primes  is  defined  as: 

Bi  = Qi+i  - ^ 

P(Bi  ■ J)  = P(Q1 ) * ( 1 - P(Qi))J'1 

i p(Qi) 

= ejln(l  - P(0l))  (rrpfo^) 

This  shows  the  similarity  between  primes  and  the  exponential  distribution 
remembering  that  the  distribution  of  primes  Is  discreet  and  the  factor 
P(Qi)  is  not  constant. 

If  you  want  to  increase  the  probability  of  finding  prime  numbers,  you  can 
resort  to  using  a linear  integer  function  n * ak  + 1.  The  probability  is 
now 


P(ne  Q/n  = ak+1)  = P(ne  Q)/n( 1 


- i ) where  Q.  is  a prime  factor  of  k. 
gi  1 


Another  way  to  adjust  probability  is  to  look  for  more  than  one  prime  at 
a time.  The  probability  of  all  elements  of  an  n-tuple  being  prime  given 
the  n-tuple  is  of  the  form  G(a)  = (ak  + b, , ak  + b2,  . . . , ak  + b ) where 
all  b^  are  relatively  prime  to  k.  n 

d 

P (G  (a)  c Q)  = n (1  - £ ) where  Qi  < ak  + b < Q*  + 1 
j-m  Qj  d n d 

and  Qm  < <b„  - b,  ♦!)/?  < Qm  .1 
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m-1 

and  k » n Q;. 
j-1 


also  Qm  must  be  greater  than  n 


With  these  formulae  In  hand,  we  can  start  worklnq  on  modeling. 

In  the  interval  52441  to  7R%1  P (n  e Q)  = .10  with  close  to  2600  numbers 
being  prime.  Setting  time  (0)  = 5?44 1 you  would  expect  to  have  one  success 
every  10  time  intervals. 

Using  n = 2 x + 1 P (n  t Q)  = .20,  exDected  numbers  of  primes  = 2600  and 
expected  time  to  success  = 5 

Usinq  n = 6 x + 1 P (n  e Q)  = .30,  exnected  number  of  primes  = 1700  and 
expected  time  to  success  =3.3 

Using  (6  a + 5)t  6 a + 7)  for  .761  < n < 529 

P (G  (a)  e Q)  = = .23 

Expected  numbers  of  prime  pairs  = 6 

Complexity  factor  = 6 

Expected  trials  to  a prime  pair  = 4.? 

These  examples  show  the  latitude  you  can  use  to  generate  a series  of 
numbers  with  the  desired  probability  of  finding  a prime  number  of  n-tuple. 

Even  if  you  cannot  justify  using  prime  numbers  in  an  actual  simulation, 
it  Is  conceivable  that  you  may  wish  to  use  primes  as  a test  for  your  model 
under  adverse  conditions. 


. 

H 

> 

f 
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ARSTRAfT 


TITI  F:  SfATTFRARI  F MINFS:  FVAI  NATION,  DTPI  OYMT^T . AND  DFTECTION 

Al i THORS : FPT  Manfred  Renkel  , Federal  German  Armv,  Naval  Postgraduate 
Srhnol  . Mnnterev.  FA  91940 

Or.  Samuel  H.  Parrv,  Deoartment  nf  Operations  Research,  Naval 
Postgraduate  Srhnol,  Mnnt.erpy,  C. A 91940 

Modern  warfare  and  rhanqes  in  doctrine1;  have  caused  increased  emphasis 
on  antitank  weannn  systems.  These  rhanqes  have  hern  st.ronqly  influenced  by 
the  advent  of  scatterable  mines.  The  oaper  includes  a description  of  the 
behavior  of  tanks  within  minefields  which  is  composed  of  the  task  of  detect- 
ion mines,  the  detection  distance  and  the  associated  distribution,  the 
lateral  detection  of  mines,  the  search  distribution  and  limitations  of 
evasive  maneuvers.  The  specific,  met.hodoloqv  emoloved  to  demonstrate  and 
test,  the  underlying  assumptions,  as  well  as  special  human  factors  consid- 
erations. are  discussed.  Finally,  results  and  conclusions  from  execution 
of  the  models  are  presented,  indicating  the  potential  use  of  these  results 
in  two-sided  1 id  combat  models. 


SCATTEKABLE  MINES: 

EVALUATION  7ZEPI07HETIT  UnTBETECTION . 


by 

Cr.  Samuel  H.  Parry,  Naval  Postgraduate  School 
Manfred  Benkel,  Captain,  Federal  German  Army 


I_.  INTPOELCTJCN 

The  enormous  build-up  of  land  forces  in  the  eastern  part  of 
Central  Europe  has  caused  increasing  concern  among  NATO 
members  in  recent  years.  Especially,  the  ratio  of  Warsaw 
Pact  tanks  versus  NATO  tanks  is  constantly  increasing. 

The  development  of  hiohly  sophistica ted  anti-armor 
weapon  systems,  as  well  as  the  improvements  which  were 
achieved  in  the  tank  sector,  led  to  the  negligence  of 
landmine  warfare.  The  reason  for  this  disregard  can  be 
found  in  the  way  that  mines  were  dispersed.  recorded, 
activated  and  later,  if  necessary,  cleared.  The  evolution 
of  scatteratle  mines,  their  fast  delivery  by  several  means 
and  thfeir  self-activating  and  deactivating  capabilities 
enables'  the  tactical  commander  to  use  the  terrain  as  long 
and  early  as  necessary.  The  evaluation  of  the  behavior  of 
tanks  in  a minefield  ana  the  determination  of  the  parameters 
invoved  are  the  basis  for  a simulation,  which  was  designed 
tc  provide  a quantitative  answer  to  t’he  saturation  density 
of  a minefield. 


II . THE  EEHAVIOR  OF  TANKS  within  minefields 


Although  it  is  known  that  the  behavior  of  tanks  while 
crossing  a minefield  can  be  described  in  detail,  it  is  also 
known  that  it  is  impossible  to  fully  portrait  this  situation 
since  there  are  many  human  decision  processes  involved  which 
are  subject  to  chance.  Thus,  the  key  components  of  this 
decision  processes  are  presented. 

A.  THE  TASK  OF  DETECTING  MINES 


The  firs 
member 
barriers 
elements 
enemy  wi 
This  imp 
involved 
commande 
area  rat 
he  is 
emplacem 
if  anoth 


t problem 
cf  the  t 
are  norma 
supported 
11  cross  t 
lies  that 
in  the  t 
r is  pred 
her  than  t 
the  firs 
ent  via  th 
er  tank  hi 


to  oe  addressed  is  the  question  cf  which 
ank  crew  normally  detects  a charge.  Since 
lly  controlled  and  covered  by  defending 
by  artillery  fire,  it  is  assumed  that  the 
he  minefields  in  the  buttoned-up  mode, 
only  the  tank  commander  and  the  driver  are 
ask  of  detecting  mines.  However,  the 
cminantly  occupied  by  observing  the  cattle 
rying  to  detect  mines.  On  the  other  hand, 
t one  to  be  informed  of  a minefield 
e communication  circuit  at  company  level 
ts  or  detects  a mine. 


Even  if  the  tank  commander  happens  to  detect  a mine 
before  the  driver  does,  this  information  may  not  be  usable 
by  the  driver.  The  reason  is  either  that  the  driver  is 
already  concentrating  on  a detected  mine  and  may  thus  be 
diverted  from  avoiding  this  explosive  charge  or  the  time 
available  to  communicate  the  exact  location  to  the  driver  is 
toe  short.  The  detection  of  a mine  requires  its 
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identification,  the  ability  to  exactly  describe  the 
location,  passing  this  information  to  the  driver  who  in  turn 
has  to  confirm  the  emplacement  to  ensure  that  both  commander 
and  driver  are  dealing  with  the  same  mine.  Furthermore, 
after  having  gone  through  the  above  process,  the  driver  has 
to  make  the  decision  as  to  whether  he  has  to  take  any  action 
to  avoid  a hit.  The  time  required  to  perform  all  these 
necessary  actions  before  any  reaction  is  prompted  may  be  too 
lcng  and  can  easily  be  demonstrated  by  computing  the 
distance  travelled  for  a specific  speed  by  defining  the 
length  of  the  process.  Therefore,  it  can  be  justified  that 
the  task  cf  detecting  mines  is  dene  by  the  driver  only. 

B.  DETECTION  DISTANCE 

That  distance  in  front  of  a tank  at  which  a mine  was  first 
recognized  is  called  the  detection  distance.  As  explained 
later  in  this  section.  there  are  two  major  areas  which 
influence  the  probability  of  detection:  terrain  condition 
and  human  factor  related  influences.  of  these  two,  the 
terrain  conditions  will  dictate  the  detection  distance. 

.'I 

In  the  buttoned-up  mode,  the  vision  block  of  the  tank  £ j 

driver  is  characterized  by  a dead  space  of  6.75  meters  (in 
case  of  the  Russian  T-62)  immediately  in  front  of  the  tank 

and  limitations  to  the  sides.  Under  perfect  conditions,  f*  1 

(i.e.,  flat  terrain  and  no  obstacles  in  the  line  of  sight),  '» 

the  driver's  ability  to  observe  the  area  may  encompass  a 
rather  lcng  distance.  However,  even  though  a mine  could 
possibly  be  detected  far  in  front  of  the  tank,  it  seems 

reasonable  tc  assume  that  the  tank  driver  is  more  concerned  , 

with  the  area  in  the  immediate  near  distance.  In  order  to 
acquire  data  to  indicate  the  range  of  the  vision  block,  a 
test  consisting  of  60  trials  was  conducted.  The  tanks  used 

in  that  test  were  M-60  tanks,  but  all  derivations  will  be  , 

adjusted  to  the  T-62  as  realistically  as  possible.  All  tank  t 

drivers  dreve  over  the  test  area  buttoned-up,  the  paths  of  * 

the  vehicles  were  fixed,  and  the  mines  were  placed  at 
different  locations  but  always  within  the  path  of  the  tank. 

Therefore,  the  distance  at  which  a mine  detection  was 
announced  was  strictly  a longitudinal  measurement,  since  no 

deviation  in  the  latitudinal  measurement  occurred.  Also  it  1 

should  be  noted  that  in  3t>  trials  (60%)  the  mine  was  dug  in, 
and  was  placed  on  the  surface  in  the  remaining  24  trials. 

This  configuration  is  in  accordance  with  the  assumption  that 
mines  scattered  by  advanced  delivery  systems  are * sometimes 
buried  into  the  ground,  if  the  condition  of  the  soil  or 
vegetation  allows  such  behavior.  On  the  other  hand,  where 
the  nature  of  the  soil  does  not  admit  a penetration,  the 
mines  remain  on  the  surface. 

An  examination  of  the  data  was  expected  to  yield 
information  about  the  percentage  of  the  undetected  mines. 

This  number  is  clearly  influenced  by  different  factors  which 
are  explained  below.  In  general,  the  fraction  of  undetected 
mines  is  determined  by 

(1)  ? = f (cf) 

UD 

where 

P is  the  probability  of  no  detection 
ND 

cf  is  the  combined  factor  under 
different  ci rcumst ances  and 
influences. 

As  further  illustration  of  this  concept,  it  may  be  stated 
that  for  the  test  described  above,  no  detection  was  made  in 
23  of  the  trials.  Thus,  P in  this  test  is  equal  to  0.38, 

ND 

reqardless  of  the  distance  at  which  the  ether  detections 
were  made. 
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In  general  the  circumstances  by  which  th«r  probability 
ol  no  detection  is  determined  can  be  divided  into  three 
cateqori es: 

(a)  those  factors  which  are  related  to  the  combat, 
environ  ment , 

(b)  those  which  are  based  on  the  personal  situation 
of  the  soldier  involved,  and 

(c)  factors  determined  by  tne  environment  of  the 
tattlef ield. 


is  comparable  to  the  dead  space  of  th=> 
A corresponding  histogram  is  shown 
Since  the  histogram  indicated  that  the 
distributed,  a further  investigation 
parameters  of  a Gamma  distribution  (a 
from  the  data  by 


The  detection 

distance,  given  a 
detection  was  made, 
is  based  on  the 
remaining  37  trials. 
For  data  analysis 
purposes,  the 

following  procedure 
was  chosen:  The 

distances  at  which 
detections  were 

re  ported  were 

divided  into 

intervals  of  5.00 
meters.  The  first 
measurements  were 
possible  only  in  the 
interval  from  6.75 
meters  to  10.00 
meters  due  to  the 
dead  space  ir.  front 
of  the  .1-60,  which 
Russian  T-62. 
in  the  left  figure, 
data  may  be  Gamma 
was  made . First , the 
P ) were  estimated 


(2)  ft=(x)2/s2(3) 


s *•  /x 


where  f x J is  the  mean  distance  at.  which  a detection  was  made 
and  f s j is  the  corresponding  standard  deviation. 

In  tne  test  actually  conducted  these  values  were  computed  to 
be  , 

(2a)  a = 3.71 

( 3a ) P = 6.10 

■sc  values 


With  the: 


.ues  tne  Gamma  density  is  given  by 


(ha) 


f (x)  = 0. 000  3*x 


71  -0. 16393*x 

*e 


x >0 


E va luati ng 
multiplying 


(4a)  at  the  midpoints  of  each 
the  functional  value  by  the  cell  wid 


cell 

h vj 


a nd 
■Ids 


the  values  for  the  Gamma  distribution  which  are  super i rapos-  1 
on  the  histogram. 

In  order  to  test  the  hypothesis  that 
approximated  by  a Gamma  distribution, 
computed.  To  that  test  statistic 
was  applied.  By  combining 
were  always  bigger  than 
evaluated:  — , 

(4b)  TS  = 27 


_ u Jl.. 

cells  such 
5 , the 


the  data  can  leally  be 
the  test  statistic  wis 
a Goodness-o f-f i t 
that  the  freguen 
test  statistic,  TS, 


ost 
l es 

was 


( f -n p ) ?/n r 

j j ‘ j 


(4c)  TS  = 1.661 

The  hypothesis  that  the  data  are  from  a 
can  not  be  rejected  at  an  alpha  level  of 


(5) 


X\-r. 


rs 


G a m ra  a distribution 
0.05  if 
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where 


k is  tne  number  ot  ceils  with 
frequencies  greater  than  5. 
r is  the  number  of  parameters 
estimated  from  the  data, 
a is  level  of  consideration 

Since 


y 2 =5.991  > l'S  = 1.759 

A 5-2-1,0.05 

we  can  not  reject  tne  nypomesrs.  The  procedure 
explained  in  detail  in  order  to  allow  a reevaluation  of 
hypothesis  if  mere  data  are  uiaue  available. 


was 

the 


Another  important,  conclusion  lrorn  tne  uata  set  and  the 
derived  distribution  is  the  fact  that  the  upper  limit  of 
detection  distance  can  be  assumed  to  lie  near  55.00  meters. 
Although  the  Gamma  distribution  is  unbounded,  at  a distance 
of  55.00  meters,  90.5#  coverage  ct  the  area  under  the  curve 
is  achieved.  Therefore,  for  further  considerations  the 
range  of  detection  distance  is  considered  to  be  sufficiently 
covered  in  the  range  from  6.75  meters  to  55.00  meters. 


C.  LATERAL  DETECTION 


The  distribution  of  detection  distances  derived  in  the 
previous  section  is  strictly  a conditional  longitudinal  one. 
The  distribution  is  conditional,  because  the  investigation 
is  based  on  the  tact  that  a detection  was  made. 

The  lateral  vision  is  a function  of  the  distance  to  the  tank 
and  the  angle  roiuied  by  the  side  boundaries  ot  tne  vision 
block.  In  the  case  of  the  Russian  T-62  tank,  this  angle  is 
48  degrees;  it  is  greatei  in  the  case  of  the  u.S.M-60.  This 
tact  is  indicated  by  the  number  of  optical  vision 
instruments  which  are  available  to  the  driver:  the  U.S. 
model  has  three,  the  Russian  two. 


Discussions  with  tank  drivers  wno  had  some  experience 
in  driving  buttoned-up  revealed  that  the  wnole  field  of  view 
is  not  utilized.  If.  in  tact,  tne  search  aiea  does  not 
coincide  with  the  total  visual  field  of  view,  tne  yuestion 
is  what  shape  the  seai.cn  area  taa.es  on.  first,  this  area 
includes  tne  tank  width,  normally  well  Known  to  the  driver. 
On  either  side,  an  additional  margin  is  added  based  on 
certain  factors  which  are  partially  related  to  the  driver 
and  to  tbe  tactical  situation.  The  more  experienced  the 
driver,  the  better  his  feeling  tor  the  width  or  tne  vehicle. 
The  additional  margin,  therefore,  is  a function  of  the 
driver's  experience. 


This  margin  is  also  influenced  ny  tne  kind  ot  fuzes 
installed  in  the  mines.  Upon  detectmq  a minefield,  one  of 
the  mest  urgent  items  of  information  to  be  gathered  is  the 
kind  of  mines  spread  in  tne  barrier.  Traditional  pressure 
activated  mines  may  limit  the  driver's  attention  tc  the 
width  of  the  vehicle;  in  this  case  the  margin  is  degraded  to 
zero.  If  electromagnetic  fuzes  are  installed,  the  margin 
will  be  increased  and  may  be  overlapping  the  zone  which  is 
dependent  cn  the  driver's  ability.  It  can  be  concluded  that 
the  critical  search  area  (CSA)  on  which  the  tank  driver  is 
concentrating  is  approximated  by  a rectangle,  the  area  of 
which  is  determined  by: 

(6)  A = w * R 

w = f (tw,e, t) 

where 


R is  the  range  on  the  longitudinal 
detection  distance 

tw  is  taiiK  width.  (3. 3b  m tor  the  T-62) 
e ps  the  experience  of  the  dpiver 
f is  the  fuze  installed  in  mines 


The  critical  search  area  (CSA)  repLesents  a major 
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improvement  versus 
the  total  search 
area  (TSA)  . The 
magnitude  of  this 
improvement  based  on 
the  distance  of  the 
tank  can  be 

determined  from  the 
figure  on  the  left. 
The  importance  of 
the  relation  between 
critical  search  area 
(CSA)  and  total 
search  area  (TSA)  and 
the  associated 

improvement  is 

meaningful, 

respect  to  human  factors  involved 
ana  subsequently  in  the  avoidance 
a tank  driver  to  the  detection  of  a 
the  number  of  mines  in  the  area  on 


in  the 
pattern, 
mine  is 
which  he 


especially  with 
search  process 
The  reaction  of 
dependent  upcn 

is  concentrating.  The  most  favorable  situation  would  be  to 
have  a "cne-mine-at-a-time"  situation.  Although  the 
dispersion  of  mines  within  the  barrier  can  result  in  a local 
massing,  the  expected  number  of  mines  in  the  field  of  view 
is  a good  measure  of  the  actual  situation.  The  next  figure 
shows  in  a graphical  presentation  the  relationship  between 


TSA/CSA  and  expected  mines 
distinct  detection  distances. 


for  different  densities  at 


m 50  25  1 2 


Tne  graph  in  the  above  figure  also  indicates  that  under  the 
aspect  of  the  critical  search  area,  the  expected  number  of 
mines  ranges  from  0.3  mines  at  the  O.OOi  mines/meters2 
density  to  1.5  mines  at  the  highest  density,  assuniing  the 
maximum  detection  distance.  Thus,  the  average  situation  is 
described  by  the  fact  .that  the  tank  driver  Has  to  avoid  one 
mine  at  a time.  This  value  is  only  exceeded  in  the  case  of 
the  highest  density  with  corresponding  detection  distance 
greater  than  40. 0C  meters.  These  results  apply  only  ter  the 
width  of  the  critical  search  area  of  6.30  meters. 


D.  SEARCH  DISTRIBUTION 

The  location  of  the  main  area  on  which  the  driver  is 
concentrating  while  crossing  a minefield  is  a function  of 
the  speed.  The  higher  this  speed,  the  greater  is  the 
distance  between  tank  front  and  the  related  area,  since  the 
tank  driver  needs  more  time  to  react  to  a mine  encounter. 
The  intensity  with  which  he  is  looking  at  the  mam  atei  do?s 
not  change  with  the  distance,  because  the  size  c the  main 
area  remains  the  same. 
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The  intensity  with  which  the  tank  driver  scans  the  main 
sector  within  the  critical  search  area  can  be  expressed  by 
varying  [h]  between  0.0  and  infinity.  A large  value  of  n 
results  in  a high  probability  of  looking  at  the  sector 
including  the  distance  m.  Since  the  search  process  can  be 
assumed  to  be  almost  a continuous  one,  it.  can  be  best 
approximated  by  the  composition  of  two  parabolic  functions 
as  it  is  shown  in  the  above  figure.  To  determine  the 
probability  that  the  driver  is  looking  at  the  i-th  sector  of 
the  CSA,  the  latter  is  divided  into  n sectors  of  egual 
length.  The  area  under  the  composed  curve  tor  that  sector 
is  computed  and  divided  by  the  total  area,  thus  yielding  the 
desired  probability.  it  should  be  noted,  however,  that  the 
search  distribution  as  demonstrated  in  the  last  figure  is 
based  on  the  assumption  that  the  tank  driver  is  experienced 
in  driving,  is  trained  in  optimal  scanning  of  the  critical 
search  area  and  knows  the  evasive  capabilities  of  his 
vehicle. 


E.  EVASION  MANEUVER 


This  section  examines  the  conditions 
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geometric  relationship  as  (U*-H  m the  last  figure,  it  can 
be  show  that  tht  icuuuii  can  be  computed  by: 


( /)  K 


L*1*  (t  -d  ) 


2 ( t — <1 ) + 2H 

and  the  uamuuui  distance  is  yiven  uy: 


(t)  L > { 2 1 - 2d  + 2 ti)  - (d  - 1 ) * +tt* 

a • 

The  grapnical  presentation  or  the  possible  minimum 
distances,  i,  are  given  in  the  next  figure.  The  vat  nil  e 
in  the  graph  are  the  speed  [ v | and  the  distance  [d  ] 'tt  i n« 
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extreme  v a lues  to  r d 
aie  indicated  to  be 
d = 0 . 00  and  d = 3.  1*> 
meters.  it  should  be 
noted  that  the  values 
for  L given  in  the 
toll  owing  tig are 

eiupnasize  the  results 
of  the  mean  detection 
distance  derived  in 
section  I1B.  A moan 
detection  distance  of 
2 2 . b 0 meters  i ->  always 
far  enough  In  ficnt  of 
the  tank  'in  cider  to 
sucessiully  avoid  a 
mine  and  simul tan eousl y 
maintain  a speed 

between  0.0  a/sec  and 
7.0  m/sec,  which  covers 
the  normal  interval  of 
c ross-ccunt r y speeds  in 
a combat  environment. 


lii.  TNI'  SIMULATION  MU  DEL 


Baseu  on  the  parameters  described  m t he  previous  sect  ions, 
a simulation  model  was  developed.  This  simulation  is 
expected  to  provide  answers  to  the  problems  listed  ntlrw: 

(a)  tiow  many  taints  aie  necessary,  according  to  the  husaian 
bulling  tactic,  to  clear  one  path  through  a ji  x::e  t is  1 1? 
(D)  Uiidt  is  the  mean  path  Length  of  a tank,  in  the  rani  r 
berore  encountering  a mine/ 

(c)  how  many  mines  were  avoided  wniie  travelling  through  a 
minefield? 

(d)  Wnat  is  the  saturation  density  tor  a minefield  w t M 
scatteianie  mines.-’ 

A.  THE  I NUEb INDENT  VARIABLES  OF  THE  SIMULATION 

For  the  simulation  th.j  following  independent  variables  were 
cnosen : 

( I ) Oontigur ation  ot  Minefields 
12)  Fuze  Radius 

(J)  Density  ol  Mine  Dispersion 
(4)  level  of  Detectability 

The  reasons  why  those  parameters  were  chast-r,  are  presetted 
in  ttie  sect  lens  below. 

1.  Con tr g ur a t ion  ot  Minefields 

It  was  necessary  to  consider  tour  distribution  patterns: 
la)  A uniformly  distributed  minefield  where  th°  inner  are 


s «•»  s •«,*,, 


randcaly  scattered  over  the  area. 

(b) Belted  Minefield:  This  configuration  assumes  th 
are  dispersed  ir,  lanes  within  the  barrier.  The 
parallel  and  have  alternating  direction  of  curv^tur 
lanes  are  simulated  to  demonstrate  the  dispersion 
equipped  with  B-^O's. 

ic ) Normally  distributed  minefields  with  equal 
deviations  wrere  it  is  assumed  that  the  mines  are 
by  rocket  warheads,  each  containing  200  mines.  Pe 
is  assumed  when  the  impact  points  for  the  warh 
fixed. 

(d)  Normally  distributed  minefields  with  different 
deviations  are  assumed  when  the  Multiple  Pocket 
System  is  employed.  Each  salvo  of  this  system  can 
18C  mines  within  seconds.  The  longer  standard  dev 
alcng  the  trajectory  and  the  smaller  perpendicular 

2.  Fuze  Radius 
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For  simulation  purposes  the  probability  of  no  detection 
(FR0BN0)  is  assumed  to  te  at  the  following  three  levels: 

0.30  representing  high  detectability  and  very  good 
conditions  tor  attacking  elements. 

0.50  medium  detectability;  this  level  describes 

normal  terrain  ana  combat  environmental 

ccndit ions 

0.70  less  favorable  detectability  for  the  attacking 
elements,  since  only  30*  of  all  mines  in  the 
tarrier  can  probably  be  detected. 

For  a full  analysis  each  parameter  combination  was  repeated 
10  times;  thus,  the  results  of  the  simulation  are  based  on 
960  runs. 


B. 


RESULTS  CF  MINE 


ENCOUNTER 


As  soon  as 
for  mines  is  ini 
critical  search  ar 


the  tank  enters  the  minefield  the  search 
tialized.  If  there  are  mines  in  the 
ea,  the  ippropriate  action  is  taken. 


It  is  important  to  note  that  in 


the  simulation  the 
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condtional  probability  of  kill f P , given  a .nine  is 

k 

encountered,  is  equal  to  1.0.  Although  it  is  a veil  known 

fact  that  vine  encounters  do  not  always  result  in  a total 
kill,  this  assumption  is  necessary  since  the  actual  value 
for  P is  classified.  However,  adjustments  can  easily  be 

k 

achieved  by  Bultiplying  the  actual  values  with  the  results 

of  the  simulation.  As  an  example.  assuming  for  the 
combination  1-62  and  mine  scattered  by  the  mine  dispersion 
tank  W-5U8  the  P = 0.5,  the  result  from  the  simulation  that 
k 

the  fourth  tank  crossed  the  minefield  has  to  be  multiplied 
by  0.5.  Ihus,  a comparison  to  reality  leads  to  the 
statement  that  the  second  tank  achieved  a breakthrough. 
After  a mine  encounter,  the  appropriate  mine  will  be 
deactivated  fcr  that  run  to  prohibit  a multiple  encounter 
caused  by  the  same  mine. 

The  next  two  sections  explain  the  simulation 's  logic 
for  a mine  lccated  in  the  critical  search  area. 

1.  Encounter  cf  a Detectable  Wine 

After  entering  the  minefield  the  critical  search  area  is 
scanned  for  the  nearest  mine  in  front  of  the  tank.  An 
identification  number  associated  with  each  mine  determines 
whether  the  mine  is  detected  or  not.  Given  the  mine 
emplacement  is  outside  the  dead  zone  with  regard  to  the 
current  tank  position  within  the  barrier  and  is  covered  by 
the  detection  distance,  then  the  distance  between  tank  and 
mine  necessary  to  successfully  avoid  the  charge,  as  well  as 
the  correspcndina  radius,  is  computed.  Tne  avoidance  is 
always  dene  in  the  more  advantageous  direction,  dependent  on 
the  relative  mine  emplacement  to  the  tank's  axis.  When  the 
direction  of  avoidance  is  determined,  the  sequence  of 
evading  is  fixed  in  direction  and  radius.  The  encounter  of 
a mine  in  the  path  of  avoidance  (that  is,  if  a mine  is  in 
the  area  swept  by  the  vehicle  from  starting  the  avoidance  to 
completely  finisninq  it)  will  result  in  a hit.  Under  tiiese 
circimstances,  a new  tank  will  be  brought  into  the  position 
of  the  start  of  the  avoidance  process,  but  will  try  to  evade 
the  mine  in  the  opposite  direction  as  compared  to  the  first 
tank. 

2.  Encounter  of  an  Undetectable  Nine 

As  was  explained  in  the  previous  section,  the  identification 
number  associated  with  each  mine  determines  fin  comparison 
to  PROBND)  the  detectability.  Whenever  this  number  is 
smaller  than  PROBND,  the  charge  is  assumed  to  be 

undetectable.  Whenever  the  mine  located  in  the  immediate 
front  of  the  tank  is  undetectable,  it  will  be  hit  by  the 
vehicle,  since  no  evasive  maneuver  is  possible.  In  the  oath 
of  the  stricken  tank  the  next  one  follows,  assuming  a 
position  so  far  to  the  rear  of  *he  first  tank  that  an 
•avoidance  is  possible.  Since  the  decision  is  left  to  the 

tank  driver  as  to  which  avoidance  direction  he  will  take,  a 
Honte-Carlo-Pcutine  determines  whether  a left  or  right 
evasive  maneuver  is  made.  In  terms  of  the  simulation, 
moving  around  a tank  is  equivalent  to  avoiding  a detectable 
mine  located  cn  the  axis  of  the  tank  oath  with  a fuze  radius 
equal  to  half  of  the  tank  width. 

C.  TER  HI N ATI C N CRITERIA 

Three  different  situations  lead  to  the  termination  of  a 
simulation  run.  They  are: 

1a)  Successful  crossing  of  the  Minefield, 
b)  Jamming  of  Two  Tanks. 
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If  the  tank  driver  crossing  a minefield  detects  a mine  and 
is  able  tc  avoid  it,  he  will  take  the  necessary  action  to  do 
so.  However,  during  the  avoidance  process  it  is  possible 
that  another  nine  will  be  encountered.  That  mine  can  not  be 
avoided,  although  it  may  be  detectable;  thus,  a hit  occurs. 
The  following  tank  starts  in  the  same  track  and  at  the  same 
location  where  the  former  tank  began  the  avoidance  process. 
Whenever  there  is  a mine  in  the  path  of  avoidance  of  the 
second  vehicle,  it  will  also  be  hit. 
c)  Three  tanks  will  be  hit  in  the  same  area, 
f there  is  a mine  located  in  the  trace  of  a tank  and  the 
mine  can  not  be  detected,  that  charge  will  be  encountered. 
The  following  tank  starts  to  move  around  the  first  tank  at 
minimum  distance  and  radius.  The  emplacement  of  a mine  in 
the  path  cf  avoidance  results  in  the  hit  of  the  second  tank. 
A third  tank  tries  to  move  aound  the  first  tank  on  the 
alternate  side  compared  to  the  second  one.  A mine  encounter 
in  its  path  is  also  possible.  This  situation,  where  three 
tanks  are  hit,  leads  to  the  conclusion  of  that  specific  run. 

D.  RESULTS  OF  THE  SIMULATION 

Before  interpreting  the  results  of  the  simulation,  it  should 
be  noted  that  the  simulation  did  not  take  into  account  the 
presence  of  defending  elements.  Therefore,  the  actions 
taken  by  tanks  within  the  minefield  are  exclusively 
reactions  to  mine  encounters.  Thus,  in  this  section,  the 
discussion  is  centered  around  the  problem  of  the  saturation 
density  fcr  minefields. 

By  investigating  the  results,  one  of  the  first 

questions  to  be  answered  is 
that  of  the  relationship 
between  the  different  levels 
of  the  probability  of  no 
detection  (P1,P2  and  P3) . To 
show  this,  the  combination  of 
fuze  radius  (P2  =1.50  meters) 
and  a belted  minefield  was 
chosen.  The  figure  on  the 
left  demonstrates  how  close 
the  individual  curves  for  the 
three  levels  of  the 

probability  of  no  detection 
are.  This  proximity  is  the 
justification  for  averaging 
over  the  probabilities  of  no 
detection  in  following  graphs. 
A further  reason  for  using  the 
average  is  the  fact  that  in  a 
single  minefield,  mines  are 
never  scattered  m such  a way 
that  a specific  level  fits  for 
the  whole  barrier.  There  will 
always  exist  parts  of  the 
obstacle  where  mines  can  be 
detected  much  easier  than  in 
others. 

The  prece-aing  figure  shows  that  the  number  of  kills  per 
mine  increases  very  rapidly  between  the  0.0005  and  0.001 
density  levels,  but  decreases  more  and  more  as  the  density 
increases.  Tne  effectiveness  of  a charge  in  a minefield 
with  the  highest  density  simulated  is  less  than  the 
effectiveness  of  a mine  at  the  lowest  density. 


D 1 D2  D 3 
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The  proximity  of  the 

Srobabi litres  of  no 
election  at  the  distinct 
levels  permits  averaging 
over  the  range  from  0.30 
to  0.70.  This  was  done 

to  derive  the  values  for 
the  plot  to  the  left 
where  the  difference  of 
the  two  fuze  radii  is 
examined.  The  higher 
return  of  kills  per  mine 
if  the  fuze  radius  is 
1.50  meters  as  compared 
to  a fuze  radius  of  O.Ou 
meters  can  be  explained 
by  the  wider  area  in 
which  a mine  can  be 

encountered.  Althouqh 

the  greater  fuze  radius 
leads  to  an  enlarged 

critical  search  area,  the 
decrease  in  kills  par 
mine  is  much  greater  than 
in  the  situation  where 
the  fuze  radius  is  egual 
to  zero.  Therefore,  it 
can  be  supposed  that 
increasing  the  fuze 

radius  does  not 

contribute  to  an 

essential  improvemtnt  in 
the  ki ll- per-mi n e ratio. 


Since  four 

different  minefield  types 
were  examined,  it  was 
important  to  compare  the 
returns  per  line  for  each 
type  individually.  The 
figure  to  the  right 

§ resents  the  graphical 
emenstration  for  the 
different  minefield 

types.  It  should  be 
noted  that  the  values  for 
kills  per  line  are  best 
if  the  mines  are 
uniformly  distributed 

over  the  area.  The 
distribution  in  belts, 
although  tactically 


'liST 


, is  not 
uniform 


easier  tc  ei] 
as  good  as 
distribution.  but  better 
than  any  or  the  two 
normally  distributed 

cases.  Surprisingly,  the 
elliptical  distribution 
is  more  efficient  than 
the  circular  normal 
distribution . 


The  last  graph  is 


intended  to  show  the 
between  kills  per 


penetration 
minefield 
question . 
relation 
combination 
II  and  fuze 


relationship 
mine  and  the 


depth  at  the 
densities  in 

To  show  that 
the  parameter 

of  minefield  type 
level  F2  was 


This  fact  supports  the  

mines/meters* , a saturation 


chosen  where  the  values  for 
the  probabilities  of  no 
detection  were  averaged.  The 
last  figure  shows  that  for 
d<  isities  less  than  0.001 
mines  per  square  meter  the 
number  of  kills  per  mine 
increases,  while  it  decreases 
at  higher  densities. 

Simultaneously  the 

penetration  into  a minefield 
until  a mine  encounter 
decreases  very  rapidly  for 
lower  densities.  On  the  other 
hand,  if  the  density 

increases,  the  slope  of  the 
curve  representing  the  mean 
penetration  depth  decreases. 
This  means  that  for  densities 
higher  than  0.003  mines  per 
square  meter  not  only  the 
value  of  kills  per  mine 
decreases,  but,  in  addition, 
the  decrease  in  penetration 
depth  becomes  insignificant, 
statement  that  at  a density  of  0.003 
is  definitely  reached. 


The  importance  of  the  saturation  density  is  based  on 
the  resources  available  to  the  tactical  commander.  The 
supplies  with  scatterafcle  mines  will  be  even  more  limited 
than  was  the  case  for  traditionally  dispersed  pressure 
activated  mines,  since  scatterable  mines  are  much  more 
expensive . 


Knowledge  of  the  saturation  density  enables  the 
commander  in  charge  of  the  defense  to  optimize  his  efforts 
by  dispersion  of  all  resources  in  one  or  two  barriers  at  a 
hiqh  density.  As  an  alternative,  he  may  order  several 
minefields  at  lew  or  medium  density. 
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